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Abstrat
The Hamiltonian approah to the General Relativity and
the Standard Model is studied in the ontext of its onsisteny
with the Newton law, the Higgs eet, the Hubble osmologial
evolution and the Cosmi Mirowave Bakground radiation
physis.
The version of the Higgs potential is proposed, where its
onstant parameter is replaed by the dynami zeroth Fourier
harmoni of the very Higgs eld. In this model, the extremum
of the ColemanWeinberg eetive potential obtained from the
unit vauumvauum transition amplitude immediately pre-
dits mass of Higgs eld and removes tremendous vauum os-
mologial density.
We show that the relativity priniples unambiguously treat
the Plank epoh, in the General Relativity, as the present-day
one. It was shown that there are initial data of the Eletro-
Weak epoh ompatible with supposition that all partiles in
the Universe are nal produts of deays of primordial Higgs
partiles and W-, Z-vetor bosons reated from vauum at the
instant treated as the "Big-Bang".
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3
Introdution
The uniation problem of the General Relativity (GR) and the Stan-
dard Model (SM) is one of main questions of modern physis. The
main diulty of this uniation lies in the dierent theoretial levels
of their presentation: quantum for SM and lassial for GR. However,
both these theories have ommon roots of their origin (mehanis and
eletrodynamis) and priniples of relativity, and both they are in
agreement with observational and experimental data.
It is worthwhile to reall here these ommon priniples of relativity
and their relation to observational and experimental data. Atually,
physis arises as a siene about measurements and observations. It
supposes two distinguished referene frames - the observer rest frame
and the observable omoving frame. In partiular, in modern osmol-
ogy, omoving frame of the Universe is identied with the Cosmi Mi-
rowave Bakground radiation frame that diers from the rest frame
by the nonzero dipole omponent of the temperature utuations [1℄.
Dierenes between these two frames underlie all priniples of
relativity inluding the Copernius  Galilei relativity as a dierene
of initial positions and veloities, and the Poinare  Einstein speial
relativity (SR) [2, 3℄ as a dierene of measurable times in dierent
frames. Priniples of relativity mean that there are degrees of free-
dom together with their motion equations and initial data that are
free from these equations. The Copernius  Galilei relativity means
that these degrees of freedom are spatial oordinates of a partile.
Equations of motion as invariants of the Galilei group and the man-
ifold of initial data are the main onepts of the rst physial theory
reated by Isaa Newton.
The Poinare  Einstein Speial Relativity (SR) means that the
time oordinate is the degree of freedom of a partile too, so that
the omplete set of degrees of freedom forms the Minkowski spae of
events. A geometri interval on the line of a partile in this spae
of events is formed by its metri with a single omponent (the lapse
funtion), and there are reparametrizations of a oordinate evolution
parameter. The Hilbert ation-interval variational priniple provides
the lapse funtion equation as the energy onstraint. A solution of
this onstraint with respet to the time-like variable momentum gives
energy in spae of events and the relation of this time-like variable
with geometri interval. The primary and seondary quantization
of the energy onstraint give Quantum Field Theory (QFT) where
the vauum as the state with minimal energy in spae of events is
postulated with denite tra rules of the motion of a partile in its
spae of events. The omplete set of these results an be desribed by
the geometro-dynami ation priniple formulated by David Hilbert
in his Foundations of Physis [4℄ in the Einstein General Relativity
(GR).
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Reall that the Hilbert geometro-dynamis inludes a geometri
interval as an additional referene quantity, and general oordinate
transformations are onsidered as dieomorphisms of oordinates and
variables [4, 5℄ similar to reparametrizations of a oordinate evolution
parameter in SR [6, 7, 8℄.
Atually, Hilbert's "Foundations of Physis" for General Relativ-
ity and Quantum Field Theory give hopes for an opportunity to on-
strut a realisti quantum theory for GR. These hopes are based, on
the one hand, on the existene of the Hilbert-type geometri formu-
lation [4℄ of SR with the energy onstraint onsidered as the simplest
model of GR and, on the other hand, on the ontemporary QFT based
on the primary and seondary quantization of this energy onstraint
[8, 9, 10℄.
One an reonstrut a diret pathway from geometry of a rela-
tivisti partile in SR to the ausal operator quantization of elds of
these partiles and their quantum reation from a vauum in order
to formulate a similar diret way from geometry of GR [4℄ to the
ausal operator quantization of universes and to their quantum re-
ation from a vauum treated as a state with the minimal energy of
events. This formulation inludes
1. the WheelerDeWitt denition of the eld spae of events [11℄,
where dieomorphisms are split from transformations of the
frames of referenes using the Fok simplex of referene [12℄;
2. the hoie of the Dira spei referene frame [13℄;
3. resolving the energy onstraint in the lass of funtions of the
gauge transformations established by Zel'manov [14℄;
4. a treatment of the osmologial sale fator as a zeroth mode
eld variable [6, 7℄;
5. the onstraint-shell values of the ation and geometri interval
[15℄ in terms of dieo-invariant variables;
6. and the notions of energy, time, partile and universe, number
of partiles and number of universes dened by the low-energy
expansion of this redued ation following the orrespondene
priniple with nonrelativisti theory in SR [2, 3℄.
Thus, further theoretial developments of GR and QFT are on-
vergent, in spite of the aepted opinion that quantum formulation of
GR an not exist. At the present time, there is a set of theoretial and
observational arguments in favor of the opposite opinion: GR [4, 5℄
has a onsistent interpretation only in the form of quantum theory of
the type of the mirosopi theory of superuidity [16, 17, 18℄ with
the Bogoliubov transformations used for onstrution of integrals of
motion and stable physial states inluding a vauum [9, 10℄.
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In any ase, the Hamiltonian pathway of SR towards QFT an be
repeated for GR, beause the dimension of the dieomorphism group
of DiraArnowittDeserMisner Hamiltonian approah to GR oin-
ides with the dimension of onstraints removing a part of anonial
momenta in aordane with the seond Nother theorem [9, 10℄.
Thus, the Hamiltonian approah to both the GR and SM an be
the basis of their uniation.
This Hamiltonian uniation of GR and SM is just the topi of the
present paper. We show that the nal GR&SM theory is a onformal
relativisti brane in D = 4 spae-time (internal oordinates) moving
in eld spae of events forming by dilaton and salar, spinor, and
vetor elds of SM. The zeroth mode setor of the GR&SM theory
forms a osmologial model with free initial data at the beginning
of the Universe. There are initial data that desribe the vauum
reation of SM partiles in agreement with Supernovae (SN) data,
CMB physis, and the present day energy budget of the Universe.
We show that the Hamiltonian presentation of the GR&SM brane
diers from the aeptable approah to a relativisti brane [19, 20, 21℄.
The rst dierene is that the zeroth modes (zeroth Fourier harmon-
is) are ompletely separated from the nonzero ones and their interfer-
ene term disappears in the energy onstraint, so that the onstraint
algebra diers from the Virasoro one (in the string theory the Hamil-
tonian method orresponds to the Rohrlih gauge [22, 23℄). In the
opposite ase of the Virasoro algebra, we have the double ounting
of the zeroth mode destruting the Hamiltonian presentation of the
GR&SM brane. The seond dierene are the dieo-invariant observ-
ables inluding the onformal time, in ontrast to the naive dieo-
variant formulation of GR [24, 25℄, where the oordinate time as the
objet of reparametrizations is onfused with the reparametrization-
invariant onformal time treated as an observable quantity in osmol-
ogy. The third dierene is the Weyl priniple of relativity of units
[26℄. In aord with this priniple we an measure only a ratio of a
measurable interval and units of measurement of the interval.
Thus, the Hamiltonian formulation of the GR&SM theory keeps
all onepts that were worked out in modern relativisti and quantum
physis, inluding the rst and seond Nother theorems [27℄, spae
of events, energy, time of events, time-interval, vauum postulate,
Wigner representation of the Poinare group, Hamiltonian redution.
All these relativity priniples mean that the osmologial sale
fator an be a "degree of freedom" with free initial data tted by
observations [8, 10, 15, 28, 29℄. Reall that, in the Inationary Model
[24℄, the initial data of the osmologial sale fator is identied with
the Plank sale.
The topi of the present paper is the Hamiltonian GR&SM uni-
ation, where the Universe is identied with lassial and quantum so-
lutions of equations of motion with free dieo-invariant initial data
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in the CMB referene frame.
Setion 1 is devoted to the Hamiltonian approah to SM. Setion
2 is devoted to the Hamiltonian approah to GR. In Setion 3, we
onsider the problem of uniation of GR and SM ompatible with
the Newton law in GR and spontaneous symmetry breaking in SM.
The identiation of GR and SM with a brane is onsidered in Setion
4. Setion 5 is devoted to observational tests of unied theory.
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1 Hamiltonian approah to gauge theories
The Hamiltonian approah to gauge theories was onsidered as the
mainstream of the development of gauge theories beginning with the
pioneer papers by Paul Dira [30℄, Werner Heisenberg, Wolfgang
Pauli [31℄, and nishing by Julian Shwinger's quantization of the
non-Abelian theory [32℄ (see in detail [33, 34, 35, 36℄). They pos-
tulated the higher priority of the quantum priniples, in partiular,
in aordane with the unertainty priniple, one ounted that we
annot quantize eld variables whose veloities are absent in the
Lagrangian. Therefore, vetor eld time omponents with negative
ontributions to energy are eliminated, as it was aepted in the Dira
approah to QED [30℄. This illumination leads to stati interations
and instantaneous bound states.
Remember that the Dira Hamiltonian approah generalized to
the non-Abelian theory [32, 36℄ and the massive vetor elds [35℄
provide the fundamental operator quantization and orret relativis-
ti transformations of states of quantized elds. This Hamiltonian
approah is onsidered [34℄ as the foundation of all heuristi methods
of quantization of gauge theories, inluding the Faddeev-Popov (FP)
method [37℄ used now for desription of the Standard Model of ele-
mentary partiles [38℄. Moreover, Shwinger ... rejeted all Lorentz
gauge formulations as unsuited to the role of providing the fundamen-
tal operator quantization (see [32℄ p.324). However, a ontemporary
reader ould not nd the Hamiltonian presentation of the Standard
Model (SM) beause there is an opinion [34℄ that this presentation
is ompletely equivalent to the aepted version of SM based on the
FP method [38℄.
1.1 Quantum Eletrodynamis
1.1.1 Ation and referene frame
Let us reall the Dira approah [30℄ to QED. The theory is given by
the well known ation
S =
∫
d4x
{
− 1
4
FµνF
µν + ψ¯[i/∂ −m]ψ +Aµj µ
}
, (1.1)
where Fµν = ∂µAν − ∂νAµ is tension, Aµ is a vetor potential, ψ
is the Dira eletron-positron bispinor eld, and jµ = eψ¯γµψ is the
harge urrent, /∂ = ∂µγµ. This ation is invariant with respet to
the olletion of gauge transformations
Aλµ = Aµ + ∂µλ, ψ
λ = e+ıeλψ. (1.2)
The ation priniple used for the ation (1.1) gives the Euler-Lagrange
equations of motion - known as the Maxwell equations
∂νF
µν + jµ = 0, (1.3)
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Physial solutions of the Maxwell equations are obtained in a xed
inertial referene frame distinguished by a unit timelike vetor nµ.
This vetor splits the gauge eld Aµ into the timelike A0 = Aµnµ
and spaelike A⊥ν = Aν − nν(Aµnµ) omponents. Now we rewrite
the Maxwell equations in terms of omponents
∆A0 − ∂0∂kAk = j0, (1.4)
Ak − ∂k[∂0A0 − ∂iAi] = −jk. (1.5)
The eld omponent A0 annot be a degree of freedom beause its
anonial onjugate momentum vanishes. The Gauss onstraints
(1.4) have the solution
A0 + ∂0Λ = − 1
4π
∫
d3y
j0(x0, yk)
|x− y| , (1.6)
where
Λ = − 1
∆
∂kAk =
1
4π
∫
d3y
∂kAk
|x− y| (1.7)
is a longitudinal omponent. The result (1.6) is treated as the Coulomb
potential eld leading to the stati interation.
1.1.2 Elimination of time omponent
Dira [30℄ proposed to eliminate the time omponent by substituting
the manifest resolution of the Gauss onstraints given by (1.6) into
the initial ation (1.1). This substitution - known as the redution
proedure - allows us to eliminate nonphysial pure gauge degrees of
freedom [72℄. After this step the ation (1.1) takes the form
S=
∫
d4x
{
1
2
(∂µA
T
k )
2+ψ¯[i/∂−m]ψ−j0∂0Λ−ATk jk+
1
2
j0
1
△ j0
}
, (1.8)
where
ATk =
(
δij − ∂i∂j△
)
Aj . (1.9)
This substitution leaves the longitudinal omponent Λ given by Eq.
(1.7) without any kineti term.
There are two possibilities. The rst one is to treat Λ as the
Lagrange fator that leads to the onservation law (1.3). In this
approah, the longitudinal omponent is treated as an independent
variable. This treatment violates gauge invariane beause this om-
ponent is gauge-variant and it annot be measurable. Moreover, the
time derivative of the longitudinal omponent in Eq. (1.6) looks like
a physial soure of the Coulomb potential. By these reasons we will
not onsider this approah in this paper.
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In the seond possibility, a measurable potential stress is identied
with the gauge-invariant quantity (1.6)
AR0 = A0 −
∂0∂k
△ Ak , (1.10)
This approah is onsistent with the priniple of gauge invariane
that identies observables with gauge-invariant quantities. Therefore,
aording to the gauge-invariane, the longitudinal omponent should
be eliminated from the set of degrees of freedom of QED too.
1.1.3 Elimination of longitudinal omponent
This elimination is fullled by the hoie of the "radiation variables"
as gauge invariant funtionals of the initial elds, i.e. "dressed elds"
[30℄
ARµ = Aµ + ∂µΛ, ψ
R = eıeΛψ, (1.11)
In this ase, the linear term ∂kAk disappears in the Gauss law (1.4)
∆AR0 = j
R
0 ≡ eψ¯Rγ0ψR. (1.12)
The soure of the gauge-invariant potential eld AR0 an be only an
eletri urrent jR0 , whereas the spatial omponents of the vetor eld
ARk oinide with the transversal one
∂kA
R
k = ∂kA
T
k ≡ 0. (1.13)
In this manner the frame-xing Aµ = (A0, Ak) is ompatible with un-
derstanding of A0 as a lassial eld and the use of the Dira dressed
elds (1.11) of the Gauss onstraints (1.4) leads to understanding of
the variables (1.11) as gauge-invariant funtionals of the initial elds.
1.1.4 Stati interation
Substitution of the manifest resolution of the Gauss onstraints (1.4)
into the initial ation (1.1) alulated on onstraints leads to that
the initial ation an be expressed in terms of the gauge-invariant
radiation variables (1.11) [30, 33℄
S=
∫
d4x
{
1
2
(∂µA
R
k )
2 + ψ¯R[i/∂ −m]ψR −ARk jRk +
1
2
jR0
1
△j
R
0
}
.(1.14)
The Hamiltonian, whih orresponds to this ation, has the form
H=(Π
R
k )
2+(∂jA
R
k )
2
2
+ pRψγ0[iγk∂k+m]ψ
R +ARk j
R
k −
1
2
jR0
1
△ j
R
0 ,(1.15)
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whereΠRk , p
R
ψ are the anonial onjugate momentum elds of the the-
ory alulated in a standard way. Hene the vauum an be dened as
a state with minimal energy obtained as the value of the Hamiltonian
for the equations of motion. Relativisti ovariant transformations of
the gauge-invariant elds are proved on the level of the fundamental
operator quantization in the form of the Poinare algebra generators
[32℄. The status of the theorem of equivalene between the Dira
radiation variables and the Lorentz gauge formulation is onsidered
in [36, 35℄.
1.1.5 Comparison of radiation variables with the Lorentz
gauge ones
The stati interation and the orresponding bound states are lost
in any frame free formulation inluding the Lorentz gauge one. The
ation (1.8) transforms into
S =
∫
d4x
{
−1
2
(∂µA
L
ν )
2 + ψ¯L[i/∂ −m]ψL +ALµjLµ
}
, (1.16)
where
ALµ = Aµ + ∂µΛ
L, ψL = eieΛ
L
ψ, ΛL = − 1

∂µALµ (1.17)
are the manifest gauge-invariant funtionals satisfying the equations
of motion
ALµ = −jLµ , (1.18)
with the urrent jLµ = −eψ¯LγµψL and the gauge onstraints
∂µA
Lµ ≡ 0. (1.19)
Really, instead of the potential (satisfying the Gauss onstraints△AR0 =
jR0 ) and two transverse variables in QED in terms of the radiation
variables (1.11) we have here three independent dynami variables,
one of whih AL0 satises the equation
AL0 = −j0, (1.20)
and gives a negative ontribution to the energy.
We an see that there are two distintions of the Lorentz gauge
formulation from the radiation variables. The rst is the loss of
Coulomb poles (i.e. stati interations). The seond is the treatment
of the time omponent A0 as an independent variable with the nega-
tive ontribution to the energy; therefore, in this ase, the vauum as
the state with the minimal energy is absent. In other words, one an
say that the stati interation is the onsequene of the vauum pos-
tulate too. The inequivalene between the radiation variables and the
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Lorentz ones does not mean violation of the gauge invariane, beause
both the variables an be dened as the gauge-invariant funtionals
of the initial gauge elds (1.11) and (1.17).
In order to demonstrate the inequivalene between the radiation
variables and the Lorentz ones, let us onsider the eletron-positron
sattering amplitude TR = 〈e+, e−|Sˆ|e+, e−〉. One an see that the
Feynman rules in the radiation gauge give the amplitude in terms of
the urrent jν = e¯γνe
TR =
j20
q2
+
(
δik − qiqk
q2
)
jijk
q2 + iε
(1.21)
≡ −j
2
q2 + iε
+
(q0j0)
2 − (q · j)2
q2[q2 + iε]
.
This amplitude oinides with the Lorentz gauge one
TL = − 1
q2 + iε
[
j2 − (q0j0 − q · j)
2
q2 + iε
]
(1.22)
when the box terms in Eq. (1.21) an be eliminated. Thus, the
Faddeev equivalene theorem [34℄ is valid if the urrents are onserved
q0j0 − q · j = qj = 0, (1.23)
However, for the ation with the external soures the urrents are
not onserved. Instead of the lassial onservation laws we have the
WardTakahashi identities for Green funtions, where the urrents
are not onserved
q0j0 − q · j 6= 0. (1.24)
In partiular, the Lorentz gauge perturbation theory (where the prop-
agator has only the light one singularity qµq
µ = 0) an not desribe
instantaneous Coulomb atoms; this perturbation theory ontains only
the WikCutkosky bound states whose spetrum is not observed in
the Nature.
Thus, we an give a response to the question: What are new
physial results that follow from the Hamiltonian approah to QED
in omparison with the frame-free Lorentz gauge formulation? In the
framework of the perturbation theory, the Hamiltonian presentation
of QED ontains the stati Coulomb interation (1.21) forming in-
stantaneous bound states observed in the Nature, whereas all frame
free formulations lose this stati interation together with instanta-
neous bound states in the lowest order of perturbation theory on
retarded interations alled the radiation orretion. Nobody has
proved that the sum of these retarded radiation orretions with the
light-one singularity propagators (1.22) an restore the Coulomb in-
teration that was removed from propagators (1.21) by hand on the
level of the ation.
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1.2 Vetor bosons theory
1.2.1 Lagrangian and referene frame
The lassial Lagrangian of massive QED is
L = −1
4
FµνF
µν +
1
2
M2V 2µ + ψ¯(i/∂ −m)ψ + Vµjµ , (1.25)
In a xed referene frame this Lagrangian takes the form
L = (V˙k−∂kV0)
2−(∂jV Tk )2+M2(V 20 −V 2k )
2
+ (1.26)
+ ψ¯(i/∂−m)ψ+V0j0−Vkjk,
where V˙ = ∂0V and V
T
k is the transverse omponent dened by the
ation of the projetion operator given in Eq. (1.9). In ontrast
to QED this ation is not invariant with respet to gauge transfor-
mations. Nevertheless, from the Hamiltonian viewpoint the massive
theory has the same problem as QED. The time omponent of the
massive boson has a vanishing anonial momentum.
1.2.2 Elimination of time omponent
In [35℄ one supposed to eliminate the time omponent from the set
of degrees of freedom like the Dira approah to QED, i.e., using
the ation priniple. In the massive ase it produes the equation of
motion
(△−M2)V0 = ∂iV˙i + j0. (1.27)
whih is understood as onstraints and has the solution
V0 =
(
1
△−M2 ∂iVi
)·
+
1
△−M2 j0. (1.28)
In order to eliminate the time omponent, let us insert (1.28) into
the Lagrangian (1.26) [30, 35℄
L = 1
2
[
(V˙ Tk )
2+V Tk (△−M2)V Tk +j0
1
△−M2 j0
]
+
+ ψ¯(i 6∂−m)ψ−V Tk jk
+
1
2
[
V˙
||
k M
2 1
△−M2 V˙
||
k −M2(V ||k )2
]
−V ||k jk+ (1.29)
+ j0
1
△−M2∂kV˙
||
k ,
where we deomposed the vetor eld Vk = V
T
k +V
||
k by means of the
projetion operator by analogy with (1.9). The last two terms are the
ontributions of the longitudinal omponent only. This Lagrangian
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ontains the longitudinal omponent whih is the dynamial variable
desribed by the bilinear term. Now we propose the following trans-
formation:
ψ¯(i 6∂−m)ψ − V ||k jk+j0
1
△−M2∂kV˙
||
k = (1.30)
= ψ¯R(i 6∂−m)ψR−V R||k jk,
where
V
R||
k = V
||
k − ∂k
1
△−M2 ∂iVi = −M
2 1
△−M2V
||
k , (1.31)
ψR = exp
{
−ie 1△−M2 ∂iVi
}
ψ (1.32)
are the radiation-type variables. It removes the linear term ∂iV˙i in
the Gauss law (1.27). If the mass M 6= 0, one an pass from the
initial variables V
||
k to the radiation ones V
R||
k by the hange
V
||
k = ZˆV
R||
k , Zˆ =
M2 −△
M2
(1.33)
Now the Lagrangian (1.29) goes into
L = 1
2
[
(V˙ Tk )
2+V Tk (△−M2)V Tk +j0
1
△−M2 j0
]
+ψ¯R(i 6∂−m)ψR
+
1
2
[
V˙
R||
k ZˆV˙
R||
k +V
R||
k (△−M2)ZˆV R||k
]
−V Tk jk−V R||k jk. (1.34)
The Hamiltonian orresponding to this Lagrangian an be onstruted
in the standard anonial way. Using the rules of the Legendre trans-
formation and anonial onjugate momenta ΠV T
k
, Π
V
R||
k
, ΠψR we
obtain
H = 1
2
[
Π2V T
k
+V Tk (M
2−△)V Tk +j0
1
M2−△j0
]
− (1.35)
− ΠψRγ0(iγk∂k+m)ψR
+
1
2
[
Π
V
R||
k
Zˆ−1Π
V
R||
k
+V
R||
k (M
2−△)ZˆV R||k
]
+ (1.36)
+ V Tk jk+V
R||
k jk.
One an be onvined [35℄ that the orresponding quantum system
has a vauum as a state with minimal energy and orret relativisti
transformation properties.
1.2.3 Quantization
We start the quantization proedure from the anonial quantization
by using the following equal time anonial ommutation relations
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(ETCCRs): [
ΠˆV T
k
, Vˆ Tk
]
= iδTijδ
3(x− y), (1.37)[
Πˆ
V
R||
k
, Vˆ
R||
k
]
= iδ
||
ijδ
3(x − y). (1.38)
The Fok spae of the theory is built by the ETCCRs[
a−(λ) (±k) , a+(λ′) (±k′)
]
= δ3 (k− k′) δ(λ)(λ′); (1.39){
b−α (±k) , b+α′ (±k′)
}
= δ3 (k− k′) δαα′ ; (1.40){
c−α (±k) , c+α′ (±k′)
}
= δ3 (k− k′) δαα′ . (1.41)
with the vauum state |0〉 dened by the relations
a−(λ)|0〉 = b−α |0〉 = c−α |0〉 = 0. (1.42)
The eld operators have the Fourier deompositions in the plane wave
basis
Vj (x)=
∫
[dk]vǫ
(λ)
j
[
a+(λ) (ω,k) e
−iωt+ikx+a−(λ) (ω,−k) eiωt−ikx
]
ψ (x) =
√
2ms
∫
[dk]s
[
b+α (k)uαe
−iωt+ikx + c−α (−k) ναeiωt−ikx
]
ψ+ (x) =
√
2ms
∫
[dk]s
[
b−α (k)u
+
α e
iωt−ikx + c+α (−k) ν+α e−iωt+ikx
]
with the integral measure [dk]v,s =
1
(2π)
3/2
d3k√
2ωv,s(k)
and the fre-
queny of osillations ωv,s(k) =
√
k2 +m2v,s. One an dene the
vauum expetation values of the instantaneous produts of the eld
operators
Vi(t, ~x)Vj(t, ~y) =: Vi(t, ~x)Vj(t, ~y) : +〈Vi(t, ~x)Vj(t, ~y)〉, (1.43)
ψα(t, ~x)ψβ(t, ~y) =: ψα(t, ~x)ψβ(t, ~y) : +〈ψα(t, ~x)ψβ(t, ~y), (1.44)
where
〈Vi(t, ~x)Vj(t, ~y)〉 = 1
(2π)3
∫
d3k
2ωv(k)
∑
(λ)
ǫ
(λ)
i ǫ
(λ)
j e
−ik(x−y), (1.45)
〈ψα(t, ~x)ψβ(t, ~y)〉 =
1
(2π)3
∫
d3k
2ωs(k)
(k~γ +m)αβ e
−ik(x−y)
(1.46)
are the Pauli  Jordan funtions.
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1.2.4 Propagators and ondensates
The vetor eld in the Lagrangian (1.34) is given by the formula
V Ri =
[
δTij + Zˆ
−1δ
||
ij
]
Vj = V
T
i + Zˆ
−1V
||
i . (1.47)
Hene, the propagator of the massive vetor eld in radiative variables
is
DRij(x − y) = 〈0|TV Ri (x)V Rj (y)|0〉 =
= −i
∫
d4q
(2π)4
e−iq·(x−y)
q2 −M2 + iǫ
(
δij − qiqj
q2 +M2
)
. (1.48)
Together with the instantaneous interation desribed by the urrent
urrent term in the Lagrangian (1.34) this propagator leads to the
amplitude
TR = DRµν(q)j˜
µj˜ν = (1.49)
j˜20
q2 +M2
+
(
δij − qiqj
q2 +M2
)
j˜ij˜j
q2 −M2 + iǫ
of the urrent-urrent interation whih diers from the aeptable
one
T L = j˜µDLµν(q)j˜
ν = −j˜µ
gµν − qµqν
M2
q2 −M2 + iǫ j˜
ν . (1.50)
The amplitude given by Eq. (1.49) is the generalization of the radi-
ation amplitude in QED. As it was shown in [35℄, the Lorentz trans-
formations of lassial radiation variables oinide with the quantum
ones and they both (quantum and lassial) orrespond to the tran-
sition to another Lorentz frame of referene distinguished by another
time-axis, where the relativisti ovariant propagator takes the form
DRµν(q|n)=
−gµν
q2−M2+iǫ+
nµnν(qn)
2−[qµ−nµ(qn)][qν−nν(qn)]
(q2−M2+iǫ)(M2+|qµ−nµ(qn)|2) ,(1.51)
where nµ is determined by the external states. Remember that the
onventional loal eld massive vetor propagator takes the form
(1.50)
DLµν(q) = −
gµν − qµqν
M2
q2 −M2 + iǫ . (1.52)
In ontrast to this onventional massive vetor propagator the radiation-
type propagator (1.51) is regular in the limit M → 0 and is well be-
haved for large momenta, whereas the propagator (1.52) is singular.
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The radiation amplitude (1.49) an be rewritten in the alternative
form
TR = − 1
q2 −M2 + iǫ
[
j˜2ν +
(j˜iqi)
2 − (j˜0q0)2
~q2 +M2
]
, (1.53)
for omparison with the onventional amplitude dened by the prop-
agator (1.52). One an nd that for a massive vetor eld oupled
to a onserved urrent (qµj˜
µ = 0) the olletive urrent-urrent in-
terations mediated by the radiation propagator (1.51) and by the
onventional propagator (1.52) oinide
j˜µDRµν j˜
ν = j˜µDLµν j˜
ν = T L . (1.54)
If the urrent is not onserved j˜0q0 6= j˜kqk, the olletive radiation
eld variables with the propagator (1.51) are inequivalent to the ini-
tial loal variables with the propagator (1.52), and the amplitude
(1.49). The amplitude (1.54) in the Feynman gauge is
T L = − j
2
q2 −M2 + iε , (1.55)
and orresponds to the Lagrangian
LF = 1
2
(∂µVµ)
2 − jµVµ + 1
2
M2V 2µ (1.56)
In this theory the time omponent has a negative ontribution to the
energy. Aording to this a orretly dened vauum state ould not
exist. Nevertheless, the vauum expetation value 〈Vµ(x)Vµ(x)〉 oin-
ides with the values for two propagators (1.51) and (1.52) beause in
both these propagators the longitudinal part does not give a ontribu-
tion if one treats them as derivatives of onstant like 〈∂Vµ(x)Vµ(x)〉 =
∂〈Vµ(x)Vµ(x)〉 = 0. In this ase, we have
〈Vµ(x)Vµ(x)〉 = − 2
(2π)3
∫
d3k
ωv(k)
= 2L2v(Mv), (1.57)
〈ψα(x)ψα(x)〉 = −
ms
(2π)3
∫
d3k
ωs(k)
= msL
2
s(ms), (1.58)
where ms, Mv are masses of the spinor and vetor elds, and L
2
s,v
are values of the integrals.
1.3 Eletroweak Standard Model
1.3.1 The SM ation
The Standard Model onstruted on the YangMills theory [39℄ with
the symmetry group SU(2)×U(1) is known as the Glashow-Weinberg-
Salam theory of eletroweak interations [40℄. The ation of the Stan-
dard Model in the eletroweak setor with presene of the Higgs eld
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an be written in the form
SSM =
∫
d4xLSM =
∫
d4x [LInd + LHiggs] , (1.59)
where
LInd = −1
4
GaµνG
µν
a −
1
4
FµνF
µν
(1.60)
+
∑
s
s¯R1 ıγ
µ
(
D(−)µ + ıg
′Bµ
)
sR1 +
∑
s
L¯sıγ
µD(+)µ Ls,
is the Higgs eld independent part of the Lagrangian and
LHiggs = ∂µφ∂µφ− φ
∑
s
fss¯s+
φ2
4
∑
v
g2vV
2 − λ [φ2 − C2]2︸ ︷︷ ︸
VHiggs
(1.61)
is the Higgs eld dependent part. Here∑
s
fss¯s ≡
∑
s=s1,s2
fs [s¯sRssL + s¯sLssR] , (1.62)
1
4
∑
v=W1,W2,Z
g2vV
2 ≡ g
2
4
W+µ W
−µ +
g2 + g′2
4
ZµZ
µ
(1.63)
are the mass-like terms of fermions and W-,Z-bosons oupled with the
Higgs eld, Gaµν = ∂µA
a
ν − ∂νAaµ + gεabcAbµAcν is the eld strength of
non-Abelian SU(2) elds and Fµν = ∂µBν − ∂νBµ is the eld strength
of Abelian U(1) (eletromagneti interation) ones, D
(±)
µ = ∂µ −
ig τa2 A
a
µ ± i2g′Bµ are the ovariant derivatives, L¯s = (s¯L1 s¯L2 ) are the
fermion doublets, g and g′ are the Weinberg oupling onstants, and
measurable gauge bosons W+µ , W
−
µ , Zµ are dened by the relations:
W±µ ≡ A1µ ±A2µ = W 1µ ±W 2µ , (1.64)
Zµ ≡ −Bµ sin θW +A3µ cos θW , (1.65)
tan θW =
g′
g
, (1.66)
where θW is the Weinberg angle.
The ruial meaning has a distribution of the Higgs eld φ on the
zeroth Fourier harmoni
〈φ〉 = 1
V0
∫
d3xφ (1.67)
and the nonzeroth ones h, whih we will all the Higgs boson
φ = 〈φ〉 + h√
2
,
∫
d3xh = 0. (1.68)
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In the aeptable way, 〈φ〉 satises the partile vauum lassial equa-
tion (h = 0)
δVHiggs(〈φ〉)
δ〈φ〉 = 4〈φ〉[〈φ〉
2 − C2] = 0 (1.69)
that has two solutions
〈φ〉1 = 0, 〈φ〉2 = C 6= 0. (1.70)
The seond solution orresponds to the spontaneous vauum symme-
try breaking that determines the masses of all elementary partiles
MW =
〈φ〉√
2
g (1.71)
MZ =
〈φ〉√
2
√
g2 + g′2 (1.72)
ms = 〈φ〉ys, (1.73)
aording to the denitions of the masses of vetor (v) and fermion
(s) partiles
Lmass terms = M
2
v
2
VµV
µ −mss¯s. (1.74)
1.3.2 Hamiltonian approah to SM
The aepted SM (1.59) is bilinear with respet to the time ompo-
nents of the vetor elds V K0 = (A0, Z0,W
+
0 ,W
−
0 ) in the omoving
frame ncfµ = (1, 0, 0, 0)
SV =
∫
d4x
[
1
2
V K0 Lˆ
KI
00 V
I
0 + V
K
0 J
K + ...
]
, (1.75)
where LˆKI00 is the matrix of dierential operators. Therefore, the
Dira approah to SM an be realized. This means that the problems
of the redution and diagonalization of the set of the Gauss laws are
solvable, and the Poinare algebra of gauge-invariant observables an
be proved [35℄. In any ase, SM in the lowest order of perturbation
theory is redued to the sum of the Abelian massive vetor elds,
where Dira's radiation variables were onsidered in Setion 3.
1.3.3 The onformal vauum Higgs eet
The Hamiltonian approah to the Standard Model onsidered in [41℄
leads to fundamental operator quantization that allows a possibil-
ity of dynami spontaneous symmetry breaking based on the Higgs
potential (1.61), where instead of a dimensional parameter C we sub-
stitute the zeroth Fourier harmoni (1.67)
LHiggs = ∂µφ∂µφ− φ
∑
s
fss¯s+
φ2
4
∑
v
g2vV
2 − λ [φ2 − 〈φ〉2]2︸ ︷︷ ︸
VHiggs
.(1.76)
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After the separation of the zeroth mode (1.68) the bilinear part of
the Higgs Lagrangian takes the form
LbilinearHiggs =
1
2
∂µh∂
µh−〈φ〉
∑
s
fss¯s+
〈φ〉2
4
∑
v
g2vV
2−2λ〈φ〉2h2. (1.77)
In the lowest order in the oupling onstant, the bilinear Lagrangian
of the sum of all elds S(2) =
∑
F S
(2)
F [〈φ〉] arises with the masses of
vetor (1.71), (1.72), fermion (s) (1.73) and Higgs (h) partiles:
mh = 2
√
λ〈φ〉. (1.78)
The sum of all vauum-vauum transition amplitude diagrams of
the theory is known as the eetive Coleman  Weinberg potential
[42℄
V
conf
eff = −iTr log < 0|0 >(〈φ〉)= −iTr log
∏
F
G−AFF [〈φ〉]GAFF [φI],(1.79)
where G−AFF are the Green-funtion operators with AF = 1/2 for
bosons and AF = −1 for fermions. In this ase, the unit vauum-
vauum transition amplitude < 0|0 >
∣∣∣
〈φ〉=φI
= 1 means that
V
conf
eff (φI) = 0, (1.80)
where φI is a solution of the variation equation
∂20〈φ〉 +
dVconfeff (〈φ〉)
d〈φ〉
∣∣∣∣∣
〈φ〉=φI
= ∂20〈φ〉+ (1.81)
+
∑
s
fs <s¯s> −〈φ〉
2
∑
v
g2v <V
2> +4λ〈φ〉 <h2>= 0,
here < V 2 >,< s¯s >,< h2 > are the ondensates determined by the
Green funtions in [41℄
< V 2 >= 〈Vµ(x)Vµ(x)〉 = −2L2v(MR v), (1.82)
< s¯s >= 〈ψα(x)ψα(x)〉 = −mRsL2s(mRs); (1.83)
< h2 >= 〈h(x)h(x)〉 = 1
2
L2h(mRh); (1.84)
here L2p(m
2
p) are values of the integral
L2p(m
2
p) =
1
(2π)3
∫
d3k√
m2p + k
2
. (1.85)
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Finally, using the denitions of the ondensates and masses (1.71),
(1.72),(1.73),(1.78) we obtain the equation of motion
〈φ〉∂20 〈φ〉 =
∑
s
m2sL
2
s − 2
∑
v
M2vL
2
v −
1
2
m2hL
2
h. (1.86)
In the lass of onstant solutions ∂20〈φ〉 ≡ 0 this equation has two
solutions
〈φ〉1 = 0, 〈φ〉2 = C 6= 0. (1.87)
The nonzero solution means that there is the Gell-MannOakes
Renner type relation
L2hm
2
h = 2
∑
s=s1,s2
L2sm
2
s − 4[2M2WL2W +M2ZL2Z ]. (1.88)
If we suppose that the ondensates L2p(m
2
R p) are dened by the
subtration proedure assoiated with the renormalization of masses
and wave funtions leading to the nite value
L2Rp(m
2
R p)=L
2
p(m
2
Rp)− L2p(Λ2)− (m2Rp − Λ2)
d
dΛ2
L2p(Λ
2) =
=
m2Rp
2(2π)2
log
m2Rp
eΛ2
, (1.89)
where Λ is a subtration onstant.
In this ase, the sum rule (1.88) takes the form
L2Rh(m
2
Rh)m
2
h = 2
∑
f=f1,f2
L2Rf (m
2
Rf )m
2
f −
−4[2M2WL2RW (M2RW ) +M2ZL2RZ(M2RZ)]. (1.90)
We substitute the experimental data by the values of masses of
bosonsMW = 80.403±0.029GeV,MZ = 91.1876±0.00021GeV [43℄,
and t-quark mt = 170.9± 1.8 GeV [44℄. In the minimal SM [38℄, the
three olor t-quark dominates
∑
f m
2
f ≃ 3m2t beause ontributions
of other fermions
∑
f 6=tm
2
f/2mt ∼ 0.17 GeV are very small.
In Fig. 5.1 the solution of the above equation is plotted for the
range 0.3 GeV < Λ < 100 GeV. One an see that the Higgs mass is
the order of 215÷255GeV and is not very sensitive to the hoie of the
parameter, beause the dependene is logarithmi. The measurement
of the mass at an experiment would provide us the proper value of Λ
aording to Fig. 5.1.
Radiative orretions to this quantity in the Standard Model are
not small, rst of all due to a large oupling onstant of Higgs with
top quark. Note that relation (1.90) in our model should be valid in
all orders of the perturbation theory.
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Figure 1: Value of the Higgs mass from Eq. (1.90) with the onden-
sates dened by Eq. (1.89) as a funtion of Λ.
The hoie of the parameters in the inertial Higgs potential in our
model an be motivated by the osmologial reasons. Even so that
the resulting Lagrangian of the model is pratially the same as the on
of SM, we get a predition for value of the the Higgs boson mass to be
in the range 215÷255GeV. In this range ofmh the width of the Higgs
partile is between 5 and 10 GeV. Here the main deay modes are
W → ZZ and H → WW (sine MZ < mh < 2mt), whih are quite
onvenient for experimental studies [47℄. The so-alled goldplated
hannel H → 4µ should allow a rather aurate measurement of mh
with at least 0.1% relative error [45℄. So it is important to provide
adequately preise theoretial preditions for this quantity. As on-
erns the prodution mehanism, the sub-proess with gluon-gluon
fusion dominates [46℄ for the given range of mh and the orrespond-
ing ross setion of about 104 fb provides a good possiblity to diover
the Higgs boson at the high-luminosity LHC mahine.
In this way the potential free Higgs mehanism gives the possibil-
ity to solve the question about a onsistene of the nonzero vauum
value of the salar eld with the zero vauum osmologial energy
as a onsequene of the unit vauum-vauum transition amplitude.
The inertial motion of a salar eld orresponds to the dominane of
the most singular rigid state at the epoh of the intensive vauum
reation of the primordial bosons [15℄.
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Figure 2: Axial (a) and vetor (b) urrent ontribution intoK+ → π+
transition
1.3.4 The stati interation mehanism of the enhanement
of the △T = 1/2 transitions
Let us onsider the K+ → π+ transition amplitude〈
π+
∣∣∣∣−i ∫ d4xd4yJµ(x)DWµνJν(y)∣∣∣∣K+〉 = i(2π)4δ4(k − p)GEWΣ(k2)
where DWµν ≡ DWµν(x − y)in the rst order of the EW perturbation
theory in the Fermi oupling onstant
GEW =
sin θC cos θC
8M2W
e2
sin2 θW
≡ sin θC cos θCGF√
2
, (1.91)
omparing two dierent W-boson eld propagators, the aepted
Lorentz (L) propagator (1.52) and the radiation (R) propagator (1.51).
These propagators give the expressions orresponding to the diagrams
in Fig. 2
ΣR(k2) = 2F 2πk
2 − 2i
∫
d4qM2W
(2π)4
k2 + (k0 + q0)
2
(|~q|2 +M2W )[(k + q)2−m2π + iǫ]
,
ΣL(k2) = 2F 2πk
2 + 2i
∫
d4qM2W
(2π)4
(2kµ + qµ)D
L
µν(−q)(2kν + qν)
(k + q)2 −m2π + iǫ
.
The versions R and L oinide in the ase of the axial ontribution
orresponding to the rst diagram in Fig. 2, and they both redue
to the stati interation ontribution beause
kµkνDFµν(k) ≡ kµkνDRµν(k) =
k20
M2W
. (1.92)
However, in the ase of the vetor ontribution orresponding to
the seond diagram in Fig. 2 the radiation version diers from the
Lorentz gauge version (1.52).
In ontrast to the Lorentz gauge version (1.52), two radiation
variable diagrams in Fig. 2 in the rest kaon frame kµ = (k0, 0, 0, 0)
are redued to the stati interation ontribution
i(2π)4δ4(k − p)GEWΣR(k2) =
〈
π+
∣∣∣∣−i ∫ d4x J20 (x)△−M2W
∣∣∣∣K+〉
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with the normal ordering of the pion elds whih are at their mass-
shell, so that
ΣR(k2) = 2k2F 2π
[
1 +
M2W
F 2π (2π)
3
∫
d3l
2Eπ(~l)
1
M2W +
~l2
]
≡ 2k2F 2πg8.
Here Eπ(~l) =
√
m2π +
~l2 is the energy of π-meson and g8 is the pa-
rameter of the enhanement of the probability of the axial K+ → π+
transition. The pion mass-shell justies the appliation of the low-
energy ChPT [48, 49℄, where the summation of the hiral series an
be onsidered here as the meson form fators [50, 51, 52℄∫
d3l
2Eπ(~l)
→
∫
d3lfVK (−(~l)2)fVπ (−(~l)2)
2Eπ(~l)
(1.93)
Using the ovariant perturbation theory [53℄ developed as the series
Jkµ(γ ⊕ ξ) = Jkµ(ξ) + F 2π∂µγk + γifijkJjµ(ξ) +O(γ2) (1.94)
with respet to quantum elds γ added to ξ as the produt eiγeiξ ≡
ei(γ⊕ξ), one an see that the normal ordering
< 0|γi(x)γi′ (y)|0 >= δii′N(~z), N(~z) =
∫
d3lei
~l·(~z)
(2π)32Eπ(~l)
, (1.95)
where ~z = ~x − ~y, in the produt of the urrents Jkµ(γ ⊕ ξ), leads to
an eetive Lagrangian with the rule △T = 1/2
M2W
∫
d3zg8(z)
e−MW |~z|
4π|~z|
[
Jjµ(x)J
j′
µ (z + x)(fij1 + ifij2)
×(fi′j′4 − ifi′j′5)δii′ + h.c
]
, (1.96)
where
g8(|z|) = 1 +
∑
I≥1
cIN I(~z) (1.97)
is a series over the multipatile intermediate states known as the
Volkov superpropagator [49, 54℄. In the limit MW → ∞, in the
lowest order with respet to MW , the dependene of g8(|~z|) and the
urrents on ~z disappears in the integral of the type of
M2W
∫
d3z
g8(|~z|)e−MW |~z|
4π|~z| =
∫ ∞
0
drre−rg8(r/MW ) ≃ g8(0). (1.98)
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In the next order, the amplitudes K0(K¯0) → π0 arise. Finally, we
get the eetive Lagrangians [55℄
L(∆T= 12 ) =
GF√
2
g8(0) cos θC sin θC
[
(J1µ + iJ
2
µ)(J
4
µ − iJ5µ)−(
J3µ +
1√
3
J8µ
)
(J6µ − iJ7µ) + h.c.
]
, (1.99)
L(∆T= 32 ) =
GF√
2
cos θC sin θC
[(
J3µ +
1√
3
J8µ
)
(J6µ − iJ7µ) + h.c.
]
.
This result shows that the enhanement an be explained by stati
vetor interation that inreases the K+ → π+ transition by a fa-
tor of g8 = g8(0), and yields a new term desribing the K
0 → π0
transition proportional to g8 − 1.
This Lagrangian with the t parameter g8 = 5 desribes the
nonleptoni deays in satisfatory agreement with experimental data
[49, 55, 56℄. Thus, for normal ordering of the weak stati interation
in the Hamiltonian SM an explain the rule △T = 1/2 and universal
fator g8.
On the other hand, ontat harater of weak stati interation
in the Hamiltonian SM exludes all retarded diagram ontributions
in the eetive Chiral Perturbation Theory onsidered in [57℄ that
destrut the form fator struture of the kaon radiative deay rates
with the amplitude
T(K+→π+l+l−) = g8t(q
2)2F 2π sin θC cos θC
GF√
2
(kµ + pµ)
q2
l¯γµl
where q2 = (k − p)2, and
t(q2) =
fAK(q
2)+fAπ (q
2)
2
− fVπ (q2) +
[
fVK (q
2)−fVπ (q2)
] m2π
M2K −m2π
,
and fVK ≃ fVπ (q2) = 1+M−2ρ q2+ ..., fAK(q2) ≃ fAπ (q2) = 1+M−2a q2+
. . . are form fators determined by the masses of the nearest reso-
nanes for meson  gamma  meson vertex.
Therefore, the stati interation mehanism of the enhanement
of the △T = 1/2 transitions predits [56℄ that the meson form fator
resonane parameters explain the experimental values of rates of the
radiation kaon deays K+ → π+e+e−(µ+µ−). Atually, substituting
the PDG data on the resonane massesMρ = 775.8MeV, 1
+(1−−) =
IG(JPC) and meson  gamma  W-boson one Ma = 984.7 MeV,
1−(0++) = IG(JPC) into the deay amplitudes one an obtain the
deay branhing frations [56℄
Br(K+ → π+e+e−) = 2.93× 10−7, [2.88± 0.13× 10−7]PDG
Br(K+ → π+µ+µ−) = 0.73× 10−7, [0.81± 0.14× 10−7]PDG
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in satisfatory agreement with experimental data [58, 43℄. Thus, the
o-mass-shell kaon-pion transition in the radiation weak kaon deays
an be a good probe of the weak stati interation revealed by the
radiation propagator (1.51) of the Hamiltonian presentation of SM.
1.4 Summary
Physial onsequenes of the Hamiltonian approah to the Standard
Model are the weak stati interations, like the Coulomb stati inter-
ation is a onsequene of the Hamiltonian approah in QED. The
stati interations an be omitted if we restrit ourselves to the sat-
tering proesses of elementary partiles where stati interations are
not important. However, the stati poles play a ruial role in the
mass-shell phenomena of the bound state type, spontaneous symme-
try breaking, kaon - pion transition in the weak deays, et. Stati
interations follow from the spetrality priniple that means existene
of a vauum dened as a state with the minimal energy. We dis-
ussed physial eets testifying to the stati interations omitted by
the aepted version of SM.
One of these eets is revealed by the loop meson diagrams in the
low-energy weak stati interation. These diagrams lead to the en-
hanement oeient g8 in weak kaon deays and the rule △T = 12 .
The loop pion diagrams in the Chiral Perturbation Theory [49℄ in the
framework of the Hamiltonian approah with the weak stati inter-
ation lead to a denite relation of the vetor form fator with the
dierential radiation kaon deay rates in agreement with the present
day PDG data [56℄, in ontrast to the aeptable renormalization
group analysis based on the Lorentz gauge formulation omitting weak
stati interation [57℄, where loop pion diagrams destroy the above-
mentioned relation of the vetor form fator with the dierential ra-
diation kaon deay rates. Therefore, the radiation kaon deays an
be a good probe of the weak stati interation.
We onsidered the onsequene of the spontaneous symmetry break-
ing in the Standard Model, where the parameter of the Higgs poten-
tial is replaed by the initial data of the zeroth Fourier harmoni.
In this ase, the Hamiltonian approah and its operator fundamen-
tal formulation immediately lead to the eetive quantum potential
prediting the mass of Higgs partile.
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2 Hamiltonian General Relativity
The statement of the problem given at the beginning is to unify SM
and GR on equal footing using as a basis the Hamiltonian approah to
both these theories, in order to desribe the Universe in its omoving
frame. The Hamiltonian approah to GR is well known. It is the
Dira  ADM onstrained method [13℄ formulated for innite spae-
time in a denite frame of referene, where the observable time is
distinguished and the observable spae is foliated. This Hamiltonian
omoving frame of the Universe an be identied with the frame of
the Cosmi Mirowave Bakground (CMB) as the evidene of the
Early Universe reation.
The present-day measurement of the dipole omponent of CMB
radiation temperature T0(θ) = T0[1+(β/c) cos θ], where β = 390±30
km/s, [1℄ testies to a motion of an Earth observer to the Leo with
the veloity |~v|= 390± 30 km/s with respet to CMB, where 30 km/s
rejets the opernian annual motion of the Earth around the Sun,
and 390 km/s to the Leo is treated as the parameter of the Lorentz
transformation from the the Earth frame to the CMB frame.
This relativisti treatment of the observational data in the ontext
of the Hamiltonian approah produes the denite questions to the
GR and the modern osmologial models destined for desription of
the proesses of origin of the Universe and its evolution:
1. How the CMB inertial frame an be separated from the general
oordinate transformations?
2. How the osmi evolution an be separated from the dynamis
of the loal salar omponent in the CMB referene frame?
3. What is the version of the anonial approah to the General
Relativity and the Standard Model in the nite spae-time,
beause the observable Universe in the nite spae and has a
nite life-time?
In this Setion, we disuss possible responses to these issues that
follow from the priniples of General Relativity and Quantum Field
Theory.
2.1 Canonial General Relativity
2.1.1 The Fok separation of the frame transformations
from dieomorphisms
Reall that the EinsteinHilbert theory is given by two fundamental
quantities; they are a geometri interval
ds2 = gµνdx
µdxν (2.1)
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and the dynami Hilbert ation
SGR =
∫
d4x
√−g
[
−ϕ
2
0
6
R(g)
]
(2.2)
where ϕ20 =
3
8π
M2Planck =
3
8πG
, G is the Newton onstant in units
(~ = c = 1).
Quantities (2.1) and (2.2) are invariant with respet to ation
dieomorphisms
xµ → x˜µ = x˜µ(x0, x1, x2, x3), (2.3)
Separation of the dieomorphisms from the Lorentz transformations
in GR is fullled by linear invariant forms ω(α)(x
µ) → ω(α)(x˜µ) =
ω(α)(x
µ) [12℄
ds2 ≡ ω(α)ω(α) = ω(0)ω(0) − ω(1)ω(1) − ω(2)ω(2) − ω(3)ω(3), (2.4)
where ω(α) are dieo-invariants. These forms are treated as ompo-
nents of an orthogonal referene simplex with the following Lorentz
transformations:
ω(α) → ω(α) = ω(α) = L(α)(β)ω(β). (2.5)
There is an essential dierene between dieomorphisms (2.3) and
the Lorentz transformations (2.5). Namely, the parameters of the
Lorentz transformations (2.5) are measurable quantities, while the
parameters of dieomorphisms (2.3) are unmeasurable one. Espe-
ially, the simplex omponents ω(α) in the Earth frame moving with
respet to Cosmi Mirowave Bakground (CMB) radiation with the
veloity |~v|= 390 km/s to the Leo are onneted with the simplex
omponents in the CMB frame ω by the following formulae:
ω(0) =
1√
1− ~v2
[
ω(0) − v(c)ω(c)
]
, (2.6)
ω(b) =
1√
1− ~v2
[
ω(b) − v(b)ω(0)
]
,
where the veloities ~v are measured [1℄ by the the modulus of the
dipole omponent of CMB temperature T0(θ) = T0[1 + (β/c) cos θ]
and its diretion in spae
1
.
1
Frame transformations invariane of ation means that there are integrals of
motion (1st Noether theorem [27℄), while dieoinvariane of ation leads to the
Gauss type onstraints between the integrals of motion (2nd Noether theorem
[27℄). These onstraints are derived in a spei referene frame to the initial data.
The onstraints mean that only a part of metri omponents beomes degrees of
freedom with the initial data. Another part orresponds to the dieo-invariant
stati potentials that does not have initial data beause their equations ontain
the Beltrami-Laplae operator. The third part of metri omponents after the
resolution of onstraints beomes dieo-invariant non-dynamial variables that
an be exluded by the gauge-onstraints [13℄ like the longitudinal elds in QED
[30℄.
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2.1.2 The Dira  ADM approah to GR
The problem of spei frame destined for desription of evolution of
the Universe in GR was formulated by Dira and Arnovitt, Deser and
Misner [13℄ as 3+1 foliated spae-time (see also [14℄). This foliation
an be rewritten in terms of the Fok simplex omponents as follows:
ω(0) = ψ
6Nddx
0, ω(b) = ψ
2e(b)i(dx
i +N idx0), (2.7)
where triads e(a)i form the spatial metris with det |e| = 1, Nd is the
Dira lapse funtion, Nk is the shift vetor, and ψ is a determinant
of the spatial metri.
The Hilbert ation (2.2) in terms of the Dira  ADM variables
(2.7) is as follows:
SGR = −
∫
d4x
√−gϕ
2
0
6
(4)R(g) = (2.8)
=
∫
d4x(K[ϕ0|g]− P [ϕ0|g] + S[ϕ0|g]),
where
K[ϕ0|e] = Ndϕ20
(
−4vψ2 +
v2(ab)
6
)
, (2.9)
P [ϕ0|e] = Ndϕ
2
0ψ
7
6
(
(3)R(e)ψ + 8△ψ
)
, (2.10)
S[ϕ0|e] = 2ϕ20
[
∂0vψ − ∂l(N lvψ)
]− ϕ20
3
∂j [ψ
2∂j(ψ6Nd)] (2.11)
are the kineti and potential terms, respetively,
vψ =
1
Nd
[
(∂0 −N l∂l) logψ − 1
6
∂lN
l
]
, (2.12)
v(ab) =
1
2
(
e(a)iv
i
(b) + e(b)iv
i
(a)
)
, (2.13)
v(a)i =
1
Nd
[
(∂0 −N l∂l)e(a)i + 1
3
e(a)i∂lN
l − e(a)l∂iN l
]
(2.14)
are veloities of the metri omponents, △ψ = ∂i(ei(a)ej(a)∂jψ) is the
ovariant BeltramiLaplae operator,
(3)R(e) is a three-dimensional
urvature expressed in terms of triads e(a)i:
(3)R(e) = −2∂i [ei(b)σ(c)|(b)(c)]−σ(c)|(b)(c)σ(a)|(b)(a)+σ(c)|(d)(f)σ(f)|(d)(c).
Here
σ(a)|(b)(c) = e
j
(c)∇ie(a)ke k(b) =
1
2
e(a)j
[
∂(b)e
j
(c) − ∂(c)ej(b)
]
(2.15)
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are the oeients of the spin-onnetion (see [29℄),
∇ie(a)j = ∂ie(a)j − Γkije(a)k, Γkij =
1
2
ek(b)(∂ie(b)j + ∂je(b)i) (2.16)
are ovariant derivatives. The anonial onjugated momenta are
pψ =
∂K[ϕ0|e]
∂(∂0 lnψ)
= −8ϕ20v, (2.17)
pi(b) =
∂K[ϕ0|e]
∂(∂0e(a)i)
=
ϕ2
3
ei(a)v(ab). (2.18)
The Hamiltonian ation takes the form [28, 29℄
SGR =
∫
d4x
 ∑
F=e,logψ,Q
PF ∂0F −Hd

(2.19)
where
Hd = NdTd +N(b)T 0(b) + λ0pψ + λ(a)∂kek(a) (2.20)
is the sum of onstraints with the Lagrangian multipliers Nd, N(b) =
ek(b)N
k
, λ0 , λ(a), inluding the additional (seond lass) Dira gauge
onditions  the loal transverse ∂ke
k
(a) = 0 and the minimal 3-
dimensional hyper-surfae too
peψ = 0→ (∂0 −N l∂l) log ψ˜ =
1
6
∂lN
l, (2.21)
and three rst lass onstraints
T 0(a) = −el(a)
δS
δN l
= −pψ∂(a)ψ + 1
6
∂(a)(pψψ) + (2.22)
+ 2p(b)(c)γ(b)|(a)(c) − ∂(b)p(b)(a) + T 0(a)m = 0
are the omponents of the total energy-momentum tensor T 0(a) =
− δSδNk ek(a) (we inluded here the matter eld ontribution T 0(a)m on-
sidered in Appendix C using as an example a massive eletrodynam-
is), and the rst lass energy onstraint
Td[ϕ0|ψ] = − δS
δNd
=
4ϕ20
3
ψ7△ψ +
∑
I
ψITI = 0, (2.23)
here △ψ ≡ ∂(b)∂(b)ψ is the BeltramiLaplae operator, ∂(a) = ek(a)∂k,
and TI is partial energy density
TI=0 =
6p(ab)p(ab)
ϕ20
− 16
ϕ20
pψ
2
(2.24)
TI=8 = ϕ
2
0
6
R(3)(e), (2.25)
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here p(ab) =
1
2 (e
i
(a)p˜(b)i + e
i
(b)p(a)i) marked by the index I.
The Newton law is determined by the energy onstraints Td = 0
(2.23) and the equation of motion of the spatial determinant takes
the form
Tψ[ϕ0|ψ] = −ψ δS
δψ
≡ (∂0 −N l∂l)pψ + (2.26)
+
4ϕ20
3
[
7Ndψ
7△ψ + ψ△(Ndψ7)
]
+Nd
∑
I
IψITI = 0.
It is not embarrassing to hek that in the region of empty spae,
where two dynami variables are absent e(a)k = δ(a)k (i.e. TI = 0),
one an get the Shwarzshild-type solution of these equations in the
form
△ψ = 0, △[Ndψ7] = 0 → ψ = 1+ rg
r
, [Ndψ
7] = 1− rg
r
, Nk = 0,
where rg is the onstant of the integration given by the boundary
onditions that take into aount massive elds and soures.
2.1.3 The Lihnerowiz variables and osmologial models
In the general ase of massive eletrodynamis onsidered in detail in
Appendix C, the dependene of the energy momentum tensor (2.23)
on the spatial determinant potential ψ is ompletely determined by
the Lihnerowiz (L) transformation to the onformal-invariant vari-
ables
ω(µ) = ψ
2ω
(L)
(µ) , (2.27)
gµν = ψ
4 g(L)µν , (2.28)
F (n) = ψ2n F
(n)
(L) , (2.29)
where F (n) is any eld with the one of onformal weights (n): nscalar =
−1, nspinor = −3/2, nvector = 0, and ntensor = 2. In the ase, the in-
dex I in the energy momentum tensor (2.23)
∑
I
ψITI runs a set of
values I=0 (sti), 4 (radiation), 6 (mass), 8 (urvature) I = 12 (Λ-
term) in orrespondene with a type of matter eld ontributions.
This ψ-independene of L-variables is ompatible with the osmo-
logial dependene of the energy density on the sale fator a in the
homogeneous approximation
ψ2 ≃ a(η), (2.30)
ds2 = a2(η)[(dη)2 − (dxk)2] (2.31)
where the energy onstraint (2.23) takes the form
ϕ20a
′2 =
∑
I
a−2+I/2〈TI〉; (2.32)
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here
〈T 〉 = 1
V0
∫
d3xT (2.33)
is averaging over the nite volume of the oordinate spae V0 =
∫
d3x.
The Newton law (2.27) is ompatible with the osmologial ap-
proximation (2.30) if the spaial determinant variable takes the form
of a produt of two fators
ψ2 = a(η)ψ˜2. (2.34)
This means that the logarithm of the spaial determinant an be
given as the sum of the zeroth Fourier harmoni and nonzero ones
logψ2(x0, xk) = log a(x0) + log ψ˜2(x0, xk), (2.35)
with the additional onstraints∫
d3x log ψ˜ =
∫
d3x [logψ − 〈logψ〉] ≡ 0, (2.36)
where V0 =
∫
d3x <∞ is the nite Lihnerowiz volume.
This presentation of the spaial determinant variable (2.34) is well
known as the Lifshits osmologial perturbation theory [59, 60℄.
The question arises about the onsistene of this osmologial per-
turbation theory [59, 60℄ dened in the nite spae-time of observable
oordinate spae and onformal time with the Dira  ADM Hamil-
tonian [13℄ approah proposed for innite spae-time.
How the Hubble evolution an be inluded into the anonial GR?
and How the Dira  ADM Hamiltonian formalism an be general-
ized for nite spae-time in order to give the Hamiltonian version of
osmologial perturbation theory? The responses to these questions
were given in [28, 15℄ using the exat solution of the energy onstraint
in aord with the group of the dieomorphisms of the Dira  ADM
foliation and seond Nother theorem.
2.1.4 Global energy onstraint and dimension of dieomor-
phisms (3L+ 1G 6= 4L)
The Dira  ADM approah to the EinsteinHilbert theory [30℄ states
that ve omponents ψ,Nd, N
k
are treated as potentials satisfying the
Laplae type equations in urved spae without the initial data, three
omponents are exluded by the gauge onstraints ∂ke
k
(b) = 0, and
only two rest transverse gravitons are onsidered as independent de-
grees of freedom satisfying the d'Alambert type equations with the
initial data. This Dira  ADM lassiation is not ompatible with
the group of general oordinate transformations that onserves a fam-
ily of onstant oordinate time hypersurfaes x0 = const. The group
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of these transformations, known as kinemetri subgroup [14℄, on-
tains only homogeneous reparameterizations of the oordinate evo-
lution parameter (x0) and three loal transformations of the spatial
oordinates: [
x0
xi
]
→
[
x˜0(x0)
x˜i(x0, xi)
]
(2.37)
This means that dimension of the kinemetri subgroup of dieomor-
phisms (three loal funtions and one global one) does not oinide
with the dimension of the onstraints in the anonial approah to
the lassial theory of gravitation wih remove four loal variables
(the law 3L+1G 6= 4L). In aord with the seond Nother theorem,
the dimension of the dieomorphism group 3L + 1G determines the
dimension of manifold of anonial momenta that an be removed
by the rst lass onstraints. This means that the energy onstraint
an remove the zeroth mode (i.e. osmologial sale fator) and the
zeroth mode momentum from the phase spae. However, it does not
mean that both the sale fator and its momentum are removed from
the set of physial quantities. They beome the evolution parameter
in the eld spae of events and the event-energy.
Reall that aording to the denition of all measurable quantities
as dieo-invariants [30℄, in nite spae-time the non dieo-invariant
quantity (2.37) (x0) is not measurable. Wheeler and DeWitt [11℄
drew attention to that in this ase evolution of a universe in GR is
in full analogy with a relativisti partile given by the ation
S˜SR[X
0|Xk] = −m
2
∫
dτ
1
ep
[(
dX0
dτ
)2
−
(
dXk
dτ
)2
+ e2p
]
=
=
∫
dτ
[
−Pµ dX
µ
dτ
+
ep
2m
(P 2µ −m2)
]
(2.38)
in the Minkowski spae of events [X0|Xk] and the interval ds = epdτ ,
beause both the ations (2.38) in SR and (1.68) in GR are invari-
ant with respet to reparametrizations of the oordinate evolution
parameters τ → τ˜ = τ˜(τ) and x0 → x˜0 = x˜0(x0), respetively, see
Table 2.1.6.
In any relativisti theory given by an ation and a geometrial
interval [4℄ there are two dieo-invariant time-like parameters: the
dieo-invariant geometrial proper time interval (g-time) epdτ = ds
and the one of dynamial variables X0 in the spae of events [X0|Xk]
(d-time). Thus, in aord with the osmologial perturbation theory
[59℄, there is a possibility to identify the dynami evolution parameter
a in the eld spae of events with the zeroth Fourier harmoni of the
metri salar omponent logarithm if the Hamiltonian formalism in
nite volume is onsistent with the osmologial perturbation theory.
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Let us onsider the Hamiltonian formalism in nite volume and nd
a ondition of this onsistene.
2.1.5 The separation of the zeroth mode in nite spae
Reparametrizations of the oordinate evolution parameter (x0) mean
that in nite spae-time the quantity (x0) is not observable, and
one should distinguish a dieo-invariant homogeneous time-like vari-
able. Modern observational data in astrophysis and osmology
[24, 60℄ are the irrefutable arguments in favor of identiation of
suh a dieo-invariant homogeneous evolution parameter with the
osmologial sale fator a(x0) introdued by the sale transformation
of the metris gµν = a
2(x0)g˜µν and any eld F
(n)
with the onformal
weight (n):
F (n) = an(x0)F˜
(n). (2.39)
In partiular, the urvature
√−gR(g) = a2
√
−g˜R(g˜)− 6a∂0
[
∂0a
√
−g˜ g˜00
]
(2.40)
an be expressed in terms of the new lapse funtion N˜d and spatial
determinant ψ˜ in the Fok simplex (2.7)
N˜d = [
√
−g˜ g˜00]−1 = a2Nd, ψ˜ = (
√
a)−1ψ. (2.41)
In order to keep the number of variables, we identify log
√
a with the
spatial volume averaging of logψ
log
√
a = 〈logψ〉 ≡ 1
V0
∫
d3x logψ. (2.42)
After the separation of the zeroth mode the ation (2.8) takes the
form (2.7) as follows:
SGR[ϕ0|ψ] = SGR[ϕ|ψ˜] + Sint + S0, (2.43)
where
SGR[ϕ|ψ˜] =
∫
d4x(K[ϕ|g] − P [ϕ|g] + S[ϕ|g]) (2.44)
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is the ation SGR[ϕ0|ψ] with the hange [ϕ0|ψ]→ [ϕ|ψ˜]
ϕ = ϕ0a (2.45)
veψ =
1
N˜d
[
(∂0 −N l∂l) log ψ˜ − 1
6
∂lN
l
]
, (2.46)
K[ϕ|e] = N˜dϕ2
(
−4veψ2 +
v2(ab)
6
)
, (2.47)
P [ϕ|e] = Ndϕ
2ψ˜7
6
(
(3)R(e)ψ˜ + 8△ψ˜
)
, (2.48)
S[ϕ|e] = 2ϕ2
[
∂0veψ − ∂l(N lvψ)
]
− ϕ
2
0
3
∂j [ψ
2∂j(ψ6Nd)](2.49)
are the kineti and potential terms, respetively,
Sint = −2
∫
dx0∂0ϕ(x
0)
∫
d3xveψ (2.50)
is the interferene between the zeroth mode and nonzero ones,
S0 = −
∫
dx0
∫
d3x
(∂0ϕ)
2
N˜d
≡ −V0
∫
dx0
(∂0ϕ)
2
N0
, (2.51)
is the zeroth mode ation, and
1
N0
≡ 1
V0
∫
d3x
1
N˜d
, (2.52)
is the global lapse funtion.
2.1.6 The superuidity ondition
Thus, after the separation of the zeroth mode in the ation (2.8) its
part desribing the spatial metri determinant takes the form
SD = −
∫
d4xNd
[
4ϕ2 (vψ)
2
+ 4ϕ vϕ vψ + (vϕ)
2
]
, (2.53)
where
ϕ = ϕ0a(x
0) (2.54)
vϕ = ∂0ϕ/Nd, (2.55)
the rst term in the Lagrangian arises from the kineti part Eq.
(2.47), the seond goes from the quasi-surfae one (2.49), and the
third term goes from the zeroth mode ation (2.51). The anoni-
al momentum of the sale fator an be obtained by variation of
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Lagrangian (2.53) with respet to the time derivative of sale fator
∂0ϕ
Pϕ ≡ ∂LSD
∂(∂0ϕ)
= −
∫
d3x [4ϕ vψ + 2vϕ] ≡ −[4ϕVψ + 2Vϕ],
while the zeroth Fourier harmonis of anonial momentum of the
spatial metri determinant is
Pψ ≡ −
∫
d3x
∂LSD
∂(∂0 logψ)
= −
∫
d3xp¯ψ = (2.56)
= −
∫
d3x
[
8ϕ2vψ + 4ϕ vϕ
] ≡ −2ϕ[4ϕVψ + 2Vϕ],
where Vϕ =
∫
d3x vϕ, Vψ =
∫
d3x vψ . These two equations have no
solutions as the matrix of the transition from veloities to momenta
has the zeroth determinant. This means that the veloities [Vϕ, Vψ ]
ould not be expressed in terms of the anonial momenta [Pϕ, Pψ]
and the Dira Hamiltonian approah beomes a failure. To be on-
sistent with identity (2.36) and to keep the number of variables of
GR, we should impose the strong onstraint
Vψ ≡
∫
d3xvψ ≡ 0, (2.57)
otherwise we shall have the double ounting of the zeroth-Fourier
harmonis of spatial metri determinant.
A double ounting is replaement of L1 = (x˙)
2/2 by L2 = (x˙ +
y˙)2/2. The seond theory is not mathematially equivalent to the
rst. The test of this nonequivalene is the failure of the Hamiltonian
approah to L2 = (x˙+ y˙)
2/2. Therefore, the replaement L1 → L2 is
nonsense in the ontext of the Hamiltonian approah.
The interferene term plays role of frition. If we aept the Lan-
dau ondition for superuidity∫
d3xvψ = 0, (2.58)
then the interferene term vanishes. The Landau ondition (2.58) is
onsistent with the Hamiltonian system, beause in the opposite ase
we have the double ounting of the zeroth mode omponent whih de-
stroys the Hamiltonian struture of the theory and leads to problems
in expressing the veloity by anonial onjugate momentum.
The next example is Lifshitz's perturbation theory given by Eq.
(3.21) p. 217 in [60℄
ds2 = a2(η)[(1 + 2Φ)dη2 − (1 − 2Ψ)γijdxidxj ].
This formula ontains the double ounting of the zeroth Fourier har-
monis of the spatial metris determinant presented by two variables:
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the sale fator a and < Ψ >=
∫
d3xΨ(η, xi) instead of one. Thus,
the aepted osmologial perturbation theory is not onsistent with
the Hamiltonian approah to GR onsidered above.
No UNIVERSE PARTICLE
1. S[ϕ0|F ] (2.59) S˜SR[X0|Xk] (2.38)
2. dζ = dx0eu ds = dτep
3. x0 → x˜0 = x˜0(x0) τ → τ˜ = τ˜(τ)
4. ϕ(x0) = ϕ0a(x
0) X0(τ)
5. ϕ | F˜ X0 | Xk
6. P 2ϕ − E2ϕ = 0 P 20 − E20 = 0
7. ζ(±) = ±
∫ ϕ0
ϕI
dϕ 〈(T˜d)−1/2〉 ≥ 0 s± = ±mE [X00 −X0I ] ≥ 0
8. Pϕ = ±2
∫
d3x(T˜d)
1/2 P0 = ±
√
m2c4 + |~p|2
9. [Pˆ 2ϕ − E2ϕ]ΨWDW = 0 [Pˆ 20 − E20 ]ΨKG = 0
10. ΨWDW =
A+ +A−√
2Eϕ
ΨKG =
a+ + a−√
2E0
11. A+ = αB++β∗B− a+ = αb++β∗b−
12. B−|0 >= 0 b−|0 >= 0
13. < 0|A+A−|0 > 6= 0 < 0|a+a−|0 > 6= 0
Table 1: The 3L + 1G dieomorphisms & universe-partile
orrespondene [15, 28℄. This universe-partile orrespondene rejets
Hilbert's Foundations of relativisti physis of 1915 [4℄ that based on the
ation priniple (No1) with a geometri interval (No2) and the group of
dieomorphisms (No3), in ontrast to the lassial physis based only on
an ation and the group of the data transformations. The group of dif-
feomorphisms (No3) leads to the energy onstraint (No6). Resolution of
the energy onstraint gives the Hubble type relation (No7) between the
time-variable (No4) in spae of events (No5) and the time-interval (No2)
and determines the energy of events (No8) that an take positive and neg-
ative values. With the aim to remove the negative value, one an use the
experiene of QFT, i.e., the primary quantization (No9) and the seondary
one (No10). This quantization proedure leads immediately to reation
from stable Bogoliubov vauum state (No12) of both quasiuniverses and
quasipartiles (No13) obtained by the Bogoliubov transformation (No11)
[61, 62℄.
2.1.7 The Hamiltonian formalism in nite spae-time
The osmologial perturbation theory is onsistent with the Dira 
ADM Hamiltonian approah to GR onsidered above, if the zeroth
time-like variable in the eld spae of events (2.35) is extrated on
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the level of ation (2.43), (2.51), (2.52) [15, 28℄
S[ϕ0|F ] = S˜[ϕ|F˜ ]− V0
∫
dx0
1
N0
(
dϕ
dx0
)2
=
∫
dx0L; (2.59)
where S˜[ϕ|F˜ ] is the ation (2.2) in terms of metris g˜, where ϕ0 is
replaed by the running sale ϕ(x0) = ϕ0a(x
0) of all masses of the
matter elds. The ation (2.59) leads to the energy onstraints
δS[ϕ0]
δN˜d
= −Td = (∂0ϕ)
2
N˜2d
− T˜d = 0, T˜d ≡ −δS˜[ϕ]
δN˜d
≥ 0 (2.60)
The kinemetri subgroup (2.37) essentially simplies the solution
of the energy onstraint (2.60) if the homogeneous variable is ex-
trated from the spaial determinant.
Therefore, one should point out in the nite volume the homo-
geneous variable ϕ(x0) as the evolution parameter (time-variable)
in the eld spae of events [ϕ|F˜ ] and dieo-invariant time-interval
N0dx
0 = dζ (g-time), where N0[N˜d] as funtional of N˜d an be de-
ned as the spaial averaging (2.52)
1
N0[N˜d]
=
1
V0
∫
d3x
N˜d
≡ 〈N˜−1d 〉. (2.61)
Aording to the Wheeler  DeWitt [11℄ there is the universe 
partile orrespondene given in the Table 2.1.6 [15, 28℄.
This QFT experiene illustrates the possibility to solve the prob-
lems of the quantum origin of all matter elds in the Early Universe,
its evolution, and the present-day energy budget [15, 9, 63℄. In order
to use this possibility, one should impose a set of requirements on
the osmi motion in the eld spae of events that follow from the
general priniples of QFT.
The QFT experiene supposes that the ation (2.59) an be rep-
resented in the anonial Hamiltonian form like (1.68)
S[ϕ0|F ] =
∫
dx0
{
−Pϕ∂0ϕ+N0[N˜d]
P 2ϕ
4V0
}
+
+
∫
d4x
∑
eF
P eF∂0F˜ + C − N˜dT˜d
 . (2.62)
In this ase, the energy onstraint (2.60) takes the form of the Fried-
mann equation [
dϕ
dζ
]2
≡ ϕ′2 =
〈
(T˜d)
1/2
〉2
, (2.63)
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and the algebrai equation for the dieo-invariant lapse funtion
N = 〈(N˜d)−1〉N˜d =
〈
(T˜d)
1/2
〉
(T˜d)
−1/2. (2.64)
We see that the energy onstraint (2.60) removes only one global
momentum Pϕ in aord to the dimension of the kinemetri dieo-
morphisms (2.37) that is onsistent with the seond Nother theorem.
One an nd the evolution of all eld variables F (ϕ, xi) with re-
spet to ϕ by variation of the redued ation
S[ϕ0]Pϕ=±Eϕ =
ϕ0∫
ϕI
dϕ˜
{∫
d3x
[∑
F
PF∂ϕF ∓ 2
√
T˜d(ϕ˜)
]}
(2.65)
obtained as the onstraint-shell (2.63) values of the Hamiltonian form
of the initial ation (2.62) [6℄.
The energy onstraints (2.60) and the Hamiltonian redution (2.65)
lead to the denite anonial rules of the Universe evolution in the
eld spae of events [ϕ|F˜ ].
Rule 1: Causality Priniple in the WDW spae
dϕI
dϕ0
= 0 fol-
lows from the Hamiltonian redution (2.65) that gives us the so-
lution of the Cauhy problem and means that initial data ϕI , ϕ
′
I
do not depend on the Plank value ϕ0, ϕ
′
0.
Rule 2: Positive Energy Postulate follows from the energy on-
straint (2.60)
(∂0ϕ)
2
N˜2d
= T˜d = − 16
ϕ2
p2eψ + ... ≥ 0
T˜d ≥ 0 → pψ = − 4ϕ
2
3ψ˜6Ninv
[∂j(ψ˜
6N j)− (ψ˜6)′] = 0, (2.66)
where (N j = N j〈N−1d 〉 6= 0).
Rule 3: Vauum Postulate B−|0 >= 0 restrits the Universe
motion in the eld spae of events
Pϕ ≥ 0 for ϕI ≤ ϕ0 (2.67)
Pϕ ≤ 0 for ϕI ≥ ϕ0.
Rule 4: Lapse Funtion N > 0 follows from the nonzero energy
density T˜d 6= 0.
The Rule 1 is not ompatible with the Plank epoh [24℄
ϕ0 · aI = ϕ0 · a
′
0
ϕ0
→ ϕI = ϕ
′
0
ϕ0
= H0 (2.68)
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in the beginning of the Universe as
dϕI
dϕ0
6= 0.
The Rule 2 (2.66) means that the loal salar omponent ψ˜2 =
ψ2/a has zero momentum and satises the equation with Laplaian
(instead of the D'alambertian) in aord with the Dira lassia-
tion of the radiation-like variables in GR [13℄. In other words, the
loal salar omponent annot be the loal dynami variable as it
is proposed for the desription of the CMB power spetrum in the
aeptable ΛCDM model [25℄.
The Rule 3 leads to the arrow of the geometri time-interval.
The Rule 4 forbids any zero values of the loal lapse funtion
(2.64), so that penetration into a internal region of blak hole is not
possible beause this penetration is aompanied the hange of a sign
of the loal lapse funtion (2.64) that proposes zero values of the loal
lapse funtion.
Let us hek the orrespondene of the anonial GR with both
the QFT in the at spae-time and the lassial Newton theory.
2.2 Correspondene priniple and QFT limits
The orrespondene priniple [6℄ as the low-energy expansion of the
redued ation (2.65) over the eld density Ts
2dϕ
√
T˜d = 2dϕ
√
ρ0(ϕ) + Ts = dϕ
[
2
√
ρ0(ϕ) +
Ts√
ρ0(ϕ)
]
+ ...
(2.69)
gives the following sum:
S(+)|constraint = S(+)cosmic + S(+)field + . . . , (2.70)
where
S
(+)
cosmic[ϕI |ϕ0] = −2V0
ϕ0∫
ϕI
dϕ
√
ρ0(ϕ) (2.71)
is the redued osmologial ation (2.65), and
S
(+)
field =
η0∫
ηI
dη
∫
V0
d3x
[∑
F
PF ∂ηF − Ts
]
(2.72)
is the standard eld ation in terms of the onformal time: dη =
dϕ√
ρ0(ϕ)
, in the onformal at spaetime with running massesm(η) =
a(η)m0.
This expansion shows that the Hamiltonian approah to the Gen-
eral Theory of Relativity in terms of the Lihnerowiz sale-invariant
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variables (2.73) identies the onformal quantities with the observ-
able ones inluding the onformal time dη, instead of dt = a(η)dη, the
oordinate distane r, instead of the Friedmann one R = a(η)r, and
the onformal temperature Tc = Ta(η), instead of the standard one
T . Therefore, the sale-invariant variables distinguish the onformal
osmology (CC) [64℄, instead of the standard osmology (SC) [24℄.
2.3 Canonial Cosmologial Perturbation Theory
In dieo-invariant formulation of GR in the spei referene frame
the salar potential perturbations an be dened as N−1 = 1+ν and
ψ˜ = eµ = 1 + µ + ..., where µ, ν are given in the lass of funtions
distinguished by the projetion operator F = F − 〈F 〉 (〈F 〉 ≡ 0).
The expliit dependene of the metri simplex and the energy ten-
sor T˜d on ψ˜ an be given in terms of the sale-invariant Lihnerowiz
variables [66℄ introdued in Appendix C (C.2) and
ω
(L)
(0) = ψ˜
4Ndζ, ω(L)(b) = e(b)k[dxk +N kdζ], (2.73)
T˜d = ψ˜
7△ˆψ˜ +
∑
I
ψ˜Ia
I
2−2TI , TI ≡ 〈TI〉+ TI , (2.74)
where △ˆψ˜ ≡ 4ϕ
2
3
∂(b)∂(b)ψ˜ is the Laplae operator and TI is partial
energy density marked by the index I running a set of values I = 0
(sti), 4 (radiation), 6 (mass), and 8 (urvature) in orrespondene
with a type of matter eld ontributions onsidered in Appendix C
(2.24)  (C.23) (exept of the Λ-term, I = 12). The negative on-
tribution −(16/ϕ2)pψ2 of the spatial determinant momentum in the
energy density TI=0 an be removed by the Dira onstraint [13℄ of
the zeroth veloity of the spatial volume element (2.66)
pψ = −8ϕ2∂ζ ψ˜
6 − ∂l[ψ˜6N l]
ψ˜6N
= 0. (2.75)
The dieo-invariant part of the lapse funtion Nint is determined
by the loal part (2.64) of the energy onstraint (2.60) that an be
written as
T˜d = N−2ρ(0), → N−1 =
√
T˜d ρ
−1/2
(0) , (2.76)
where ρ(0) =
〈√
T˜d
〉2
. In the lass of funtions F = F − 〈F 〉, the
lassial equation δS/δ log ψ˜ = 0 takes the form
ψ˜
δS
δψ˜
= −T˜ψ = N˜dψ˜ ∂T˜d
∂ψ˜
+ ψ˜△
[
∂T˜d
∂△ψ˜
N˜d
]
= 0.
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Using the property of the deviation projetion operator δS/δµ = D =
D − 〈D〉, where µ = log ψ˜, we got the following equation
7N ψ˜7△ˆψ˜+ψ˜△ˆ[N ψ˜7]+N
∑
I
Iψ˜Ia
I
2−2TI = ρ(1), (2.77)
where ρ(1) =
〈
7N ψ˜7△ˆψ˜+ψ˜△ˆ[N ψ˜7]+∑
I
Iψ˜Ia
I
2−2TI
〉
. Using (2.76)
we an write for ψ˜ a nonlinear equation
(T˜d)
−1/2
[
7ψ˜7△ˆψ˜+
∑
I
Iψ˜Ia
I
2−2TI
]
+ ψ˜△ˆ[(T˜d)−1/2ψ˜7] = ρ(1)ρ−1/2(0) .
In the innite volume limit ρ(n) = 0, a = 1 Eqs. (2.76) and (2.77)
oinide with the equations of the dieo-variant formulation of GR
Td = 0 and (2.26) onsidered in Setion 2.3.
For the small deviations N−1int = 1 + ν and ψ˜ = e
µ = 1 + µ + ...
the rst orders of Eqs. (2.76) and (2.77) take the form
(−△ˆ − ρ(1))µ + 2ρ(0)ν = T (0), (2.78)
(14△ˆ+ ρ(2))µ − (△ˆ+ ρ(1))ν = − T (1), (2.79)
where
ρ(n) = 〈T(n)〉 ≡
∑
I
Ina
I
2−2〈TI〉 (2.80)
T(n) =
∑
I
Ina
I
2−2TI . (2.81)
The set of Eqs. (2.94) and (2.94) gives ν and µ in the form of a
sum
µ =
1
14β
∫
d3y
[
D(+)(x, y)T(+)(y)−D(−)(x, y)T(−)(y)
]
,
ν =
1
2β
∫
d3y
[
(1 + β)D(+)(x, y)T(+)(y)− (1 − β)D(−)(x, y)T(−)(y)
]
,
where
β =
√
1 + [〈T(2)〉 − 14〈T(1)〉]/(98〈T(0)〉), (2.82)
T (±) = (7T (0) − T (1)) ± 7βT (0) (2.83)
are the loal urrents, D(±)(x, y) are the Green funtions satisfying
the equations
[±mˆ2(±) − △ˆ]D(±)(x, y) = δ3(x− y), (2.84)
where mˆ2(±) = 14(β ± 1)〈T(0)〉 ∓ 〈T(1)〉.
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In the ase of point mass distribution in a nite volume V0 with the
zeroth pressure and the density T (1) =
T (2)
6
≡∑
J
MJ
[
δ3(x− yJ)− 1
V0
]
,
solutions (2.82), (2.82) take a very important form
µ(x) =
∑
J
rgJ
4rJ
[
γ1e
−m(+)(z)rJ + (1− γ1) cosm(−)(z)rJ
]
, (2.85)
ν(x) =
∑
J
2rgJ
rJ
[
(1− γ2)e−m(+)(z)rJ + γ2 cosm(−)(z)rJ
]
, (2.86)
where
γ1 =
1 + 7β
14β
, γ2 =
(1− β)(7β − 1)
16β
,
rgJ =
3MJ
4πϕ2
, rJ = |x− yJ |, m2(±) = mˆ2(±)
3
4ϕ2
.
The minimal surfae (2.66) ∂i[ψ
6N i] − (ψ6)′ = 0 gives the shift of
the oordinate origin in the proess of evolution
N i =
(
xi
r
)(
∂ζV
∂rV
)
, V (ζ, r) =
r∫
0
dr˜ r˜2ψ˜6(ζ, r˜). (2.87)
In the innite volume limit 〈T(n)〉 = 0 these solutions take the stan-
dard Newtonian form: µ = D · T(0), ν = D · [14T(0) − T(1)], N i = 0
(where △ˆD(x) = −δ3(x)).
2.4 Generalization of the Shwarzshild solution
One an see that another hoie of variables for salar potentials
rearranges the perturbation series and leads to another result. In
order to demonstrate this fat, let us hange the lapse funtion as
N ψ˜7 = 1− ν1 and keep ψ˜ = 1+µ1. In order to simplify equations of
the salar potentials N , ψ˜, one an introdue new table of symbols:
Ns = ψ
7N , (2.88)
T (ψ˜) =
∑
I
ψ˜(I−7)a
I
2−2TI , (2.89)
ρ(0) =
〈√
T˜d
〉2
= ϕ′2. (2.90)
In terms of these symbols the ation (2.43) an be presented as a
generating funtional of equations of the loal salar potentials Ns, ψ˜
and eld variables F in terms of dieo-invariant time ζ:
S[ϕ0]=
∫
dζ
∫
d3x
[∑
F
PF∂ζF−Ns
(
△ˆψ˜+T (ψ˜)
)
−ψ˜
7ρ(0)
Ns
]
. (2.91)
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The variations of this ation with respet to Ns, ψ˜ lead to equa-
tions
△ˆψ˜ + T (ψ˜) = ψ˜
7ρ(0)
N2s
, (2.92)
ψ˜△ˆNs +Nsψ˜∂eψT + 7
ψ˜7ρ(0)
Ns
= ρ(1), (2.93)
respetively, we have used here the onstraint (2.75) and the property
of the deviation projetion operator δS/δµ = D = D−〈D〉, aording
to whih ρ(1) = 〈ψ˜△ˆNs +Nsψ˜∂eψT + 7ψ˜7ρ(0)/Ns〉.
One an see that in the innite volume limit ρ(n) = 〈TI〉 = 0 Eqs.
(2.92) and (2.93) redue to the equations of the onventional GR with
the Shwarzshild solutions ψ = 1+
rg
4r
; Ns = 1− rg
4r
in empty spae,
where Eqs. (2.92) and (2.93) beome △ˆψ = 0, △ˆNs = 0.
For the small deviations Ns = 1 − ν1 and ψ˜ = 1 + µ1 the rst
orders of Eqs. (2.92) and (2.93) take the form
[−△ˆ+ 14ρ(0) − ρ(1)]µ1 + 2ρ(0)ν1 = T (0)
[7 · 14ρ(0) − 14ρ(1) + ρ(2)]µ1 + [−△ˆ+ 14ρ(0) − ρ(1)]ν1 = 7T (0) − T (1),
where
ρ(n) = 〈T(n)〉 ≡
∑
I
Ina
I
2−2〈TI〉. (2.94)
This hoie of variables determines µ1 and ν1 in the form of a sum
ψ˜ = 1 +
1
2
∫
d3y
[
D(+)(x, y)T
(µ)
(+)(y) +D(−)(x, y)T
(µ)
(−)(y)
]
,
N ψ˜7 = 1− 1
2
∫
d3y
[
D(+)(x, y)T
(ν)
(+)(y) +D(−)(x, y)T
(ν)
(−)(y)
]
,
where β are given by Eqs. (2.82)
T
(µ)
(±) = T (0) ∓ 7β[7T (0) − T (1)], (2.95)
T
(ν)
(±) = [7T (0) − T (1)]± (14β)−1T (0) (2.96)
are the loal urrents, D(±)(x, y) are the Green funtions satisfying
the equations (2.84) where mˆ2(±) = 14(β ± 1)〈T(0)〉 ∓ 〈T(1)〉. In the
nite volume limit these solutions for ψ˜,N oinide with solutions
(2.82) and (2.82), where ν1 = ν − 7µ and µ1 = µ.
In the ase of point mass distribution in a nite volume V0 with
the zeroth pressure and the density
T (0)(x) =
T (1)(x)
6
≡M
[
δ3(x− y)− 1
V0
]
, (2.97)
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solutions (2.95), (2.95) take a form
ψ˜ = 1 +
rg
4r
[
γ1e
−m(+)(z)r + (1− γ1) cosm(−)(z)r
]
, (2.98)
N ψ˜7 = 1− rg
4r
[
(1− γ2)e−m(+)(z)r + γ2 cosm(−)(z)r
]
, (2.99)
where γ1 =
1 + 7β
2
, γ2 =
14β − 1
28β
, rg =
3M
4πϕ2
, r = |x − y|. Both
hoies of variables (2.85), (2.86) and (2.98), (2.99) have spatial os-
illations and the nonzero shift of the oordinate origin of the type
of (2.87).
In the innite volume limit 〈T(n)〉 = 0, a = 1 solutions (2.98)
and (2.99) oinide with the isotropi version of the Shwarzshild
solutions: ψ˜ = 1+
rg
4r
, Ninvψ˜
7 = 1− rg
4r
, Nk = 0. It is of interest to
nd an exat solution of Eq. (2.78) for dierent equations of state.
2.5 Investigation of CMB utuations
2.5.1 CMB utuation problem
The investigation of CMB utuations is one of the highlights of
present-day osmology with far-reahing impliations and more pre-
ise observations are planned for the near future. Therefore, the
detailed investigation of any possible aw of the standard theory de-
serves attention and publi disussion.
CMBR anisotropy in the inationary model is desribed in [59,
60, 67℄ by the deomposition of the metri interval
ds2 = gµνdx
µdxν = (2.100)
= a2(η)
[
(1 + 2Φ)dη2 − 2Nkdxkdη − (1− 2Ψ)dx2 − dxidxj(hij)
]
assoiated with the Lifshits osmologial perturbation theory [59℄.
The omparison of this interval with the exat interval (3.58) gives
for salar omponents the relations
ψ˜ = 1− Ψ
2
, (2.101)
N ψ˜6 = 1 + Φ. (2.102)
The nal expression for the temperature utuations indued by
salar utuations of the metri omponents (known as the Sahs-
Wolfe (SW) eet) an be written as [68℄(
∆T
T
)
s
=
[
δρr
4ρr
+Φ + niv
i
b
]
ηi
+
∫ η0
ηi
dη(Ψ′ +Φ′) =
=
[
δρr
4ρr
+(N ψ˜6−1)+nivib
]
ηi
+
∫ η0
ηi
dη
(
ψ˜′
2
+(N ψ˜6)′
)
.(2.103)
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Equation (2.103) is integrated one
2
with respet to η between the
time ηi (oiniding with the deoupling time) and the time η0 (oin-
iding with the present time). Equation (2.103) has three ontribu-
tion
• the ordinary SW eet given by the rst two terms at the right
hand side of Eq. (2.103) i.e. δρr/(4ρr) and φ;
• the Doppler term (third term in Eq, (2.103));
• the integrated SW eet (last term in Eq, (2.103)).
The ordinary SW eet is due both to the intrinsi temperature inho-
mogeneities on the last sattering surfae and to the inhomogeneities
of the metri. On large angular sales the ordinary SW ontribution
dominates. The Doppler term arises thanks to the relative veloity
of the emitter and of the reeiver. At large angular sales its ontri-
bution is subleading but it beomes important at smaller sales, i.e.
in multipole spae, for ℓ ∼ 200 orresponding to the rst peak. The
indued temperature utuations indued by the vetor modes of the
geometry an be written as(
∆T
T
)
v
= [−~V · ~n]ηfTi +
1
2
∫ ηf
ηi
(∂iNj + ∂jNi)ninjdη. (2.104)
where V ib is the rotational omponent of the baryoni peuliar velo-
ity.
2.5.2 Canonial Cosmologial Perturbations Theory versus
Lifshitz's one
We shell use the denition of the salar omponents of the energy
momentum tensor (2.74) and (2.77). The energy momentum tensor
omponents are
T˜d =
4ϕ20a
2
3
ψ˜7△ψ˜ + (2.105)
+
∑
I=0,4,6,8,12
aI/2−2ψ˜ITI = 2(T00 − Tkk),
T˜ψ =
4ϕ20a
2
3
{
7N ψ˜7△ψ˜ + ψ˜△
[
N ψ˜7
]}
+ (2.106)
+ N
∑
I=0,4,6,8,12
IaI/2−2ψ˜ITI = 12Tkk
Let us ompare the equations of the anonial perturbation theory
(2.90), (2.92) and (2.93) with the Lifshits osmologial perturbation
2
Notie that integration by parts is neessary in order to integrate the term
2∂iφni. Reall, in fat that dΦ/dη = Φ′ + ∂iφni.
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theory for the salar omponents (2.101) and (2.102)
4πGa2T00 = −3H(HΦ+Ψ′) +△Ψ (2.107)
4πGa2Tkk = 3[(2H′ +H2)Φ +HΦ′ +Ψ′′ + 2HΨ′] +△(Φ−Ψ),
here H = a′/a in the ase of the zeroth vetor and tensor omponents
Nk = 0, hij = 0.
One an see that
1. The ΛCDM Model omits the deomposition of the potential
energy ∑
I=0,4,6,8,12
aI/2−2(1−Ψ/2)ITI , TI = 〈TI〉+ T I (2.108)
with respet Ψ that leads to the eetive mass terms in the
Hamiltonian linear equations (2.84) (this eetive mass is ab-
sent in Eq. (2.107)).
2. The ΛCDM Model hooses the gauge Nk = 0 instead of the
Dira minimal surfae pψ = 0, Nk 6= 0 onsistent with the va-
uum postulate in the Hamiltonian approah.
3. The ation priniple of GR in [60℄ (see the seond formula in
Eq. (10.7) p. 261) ontains the double ounting of the ze-
roth Fourier-harmonis of the spatial metris determinant pre-
sented by two variables: a and
∫
d3xΨ(η, xi) 6= 0 instead of one.
In other words, the ΛCDM Model uses doubling of the zeroth
Fourier harmoni of the salar metri omponent ψ˜ = 1−Ψ/2,∫
d3xΨ 6= 0 in the ation [60℄, that destroys the the Hamilto-
nian approah. Nevertheless, the linear equations (2.107) in the
ΛCDM Model satisfy the opposite onditions
∫
d3xΨ = 0 and∫
d3xΦ = 0? This means that the desription of the primordial
power spetrum by the inationary model is ontraditable.
If we impose the onstraints∫
d3xpψ(η, xi) = 0,
∫
d3x log ψ˜ = 0 (2.109)
in order to remove the double ounting, we shall return bak to
the Einstein theory, where the equations of Ψ and Φ will not ontain
the time derivatives that are responsible for the primordial power
spetrum in the inationary model.
In the ontrast to standard osmologial perturbation theory [59,
60℄ the dieo-invariant version of the perturbation theory do not on-
tain time derivatives that are responsible for the CMB primordial
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power spetrum in the ΛCDM Model [24℄. However, the dieo-
invariant version of the Dira Hamiltonian approah to GR gives an-
other possibility to explain the CMB radiation spetrum and other
topial problems of osmology by osmologial reation of the vetor
bosons in the Standard Model [15℄.
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3 Uniation of GR and SM
3.1 The Uniation
The ation of the SM in the eletroweak setor, with presene of the
onformally oupled Higgs eld an be write in the form
SSM =
∫
d4x
√−g
[
φ2
6
(4)R(g) + LInv + LHiggs
]
, (3.1)
that diers from (1.59) by the urvature term.
The aeptable uniation of the General Relativity and the Stan-
dard Model is onsidered as the diret algebraial sum of GR (2.2)
and SM (1.59) ations
SGR&SM = SGR + SSM. (3.2)
in the Riemannian manifold.
3.2 The Newton's law in the GR&SM theory
The General Relativity and the Standard Model reet almost all
physial eets and phenomena revealed by measurements and ob-
servations, however, it does not means that the diret sum of the
ations of GR an SM lies in agreement with all these eets and phe-
nomena. One an see that the onformal oupling Higgs eld φ with
onformal weight n = −1 distorts the Newton oupling onstant in
the Hilbert ation (2.2)
SGR+Higgs =
∫
d4x
√−g
[
−
(
1− φ
2
ϕ20
)
ϕ20
6
R(g) + gµν∂µφ∂νφ
]
(3.3)
due to the additional urvature term in the Higgs Lagrangian (3.3)
1−φ2/ϕ20. This distortion hanges the Einstein equations and their
standard solutions of the Shwarzshild type and other [69, 70, 71℄.
The oeient 1−φ2/ϕ20 restrits region, where the Higgs eld is
given, by the ondition φ2 < ϕ20, beause in other region φ
2 > ϕ20
the sign before the 4-dimensional urvature is hanged in the Hilbert
ation (2.2).
In order to keep the Einstein theory (2.2), one needs to onsider
only the eld onguration suh that φ2 < ϕ20. For this ase one an
introdue new variables by the BekensteinWagoner transformation
[69℄
gµν = g
(B)
µν cosh
2Q ≃ g(B)µν , (3.4)
φ2 = ϕ20 sinh
2Q ≃ ϕ20Q2, (3.5)
s(B) = (coshQ)
−3/2s (3.6)
49
onsidered in [70, 71℄. These variables restore the initial Einstein
Hilbert ation (3.3) with the standard Newton law in the following
way
SGR+Scalar = ϕ
2
0
∫
d4x
√−g(B) [−R(g(B))
6
+ gµν(B)∂µQ∂νQ
]
. (3.7)
Now it is lear that the BekensteinWagoner (BW) transformation
onverts the onformal oupling Higgs eld with the weight n = −1
into the minimal oupling salar eld Q - an angle of the salar
 sale mixing that looks like a salar graviton with the onformal
weight n = 0.
The Plank mass beame one more parameter of the Higgs La-
grangian, so that the lowest order of the Lagrangian after the sepa-
ration of the zeroth Fourier harmoni 〈Q〉
Q = 〈Q〉+ h
ϕ0
√
2
(3.8)
over small 〈Q〉 ≪ 1 reprodues the aeptable Standard Model ation
(1.76)
LλHiggs(〈Q〉) = ϕ20g00(B)∂0〈Q〉∂0〈Q〉 − 〈Q〉ϕ0
∑
s
fss¯(B)s(B) +
+
〈Q〉2ϕ20
4
∑
v
g2vV
2 − 4λ〈Q〉2ϕ20h2.
3.3 The GR&SM osmology
3.3.1 Dieo-invariant osmologial dynamis
Finally, we got the unied GR&SM theory
SGR&SM =
∫
d4x
√−g(B) [−ϕ20R(g(B))6 + LInv(F ) + LHiggs
]
, (3.9)
where F = g(B),W,Z, s and Lagrangians are given by Eqs. (1.60),
(1.61), (1.62), (1.63), and
LHiggs = ϕ20∂µQ∂νQgµν(B) − Φ
∑
s
fss¯s+
Φ2
4
∑
v
g2vV
2, (3.10)
where Φ = Φ(Q) = ϕ0 sinhQ. This Lagrangian is depend on a one
dimensional parameter ϕ0 only, that is given by Eq. (2.1).
The next step is to lear up the osmologial onsequenes of the
unied theory. The simplest way to made this step is the extration
of the osmologial sale fator a(x0) by sale transformations of all
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eld variables obtained by the WB transformation (3.4), (3.5), and
(3.6)
g(B) = a
2g˜, (3.11)
W,Z = W˜ , Z˜, (3.12)
s(B) = a
−3/2s˜, (3.13)
ϕ = aϕ0. (3.14)
In partiular, the urvature
√−g(B) (4)R(g(B)) = a2√−g˜ (4)R(g˜) −
6a∂0
[
∂0a
√
−g˜ g˜00
]
an be expressed in terms of the new lapse fun-
tion
N˜d = [
√
−g˜ g˜00]−1 (3.15)
and spatial metri determinant |g˜(3)|. In this ase, one an repeat
the dieo-invariant Hamiltonian formulation of the GR presented in
the previous Setion 2 [28, 29℄, where log a is identied with a zeroth
mode as the spatial volume averaging
log a =
1
6V0
∫
d3x log |g(3)(B)| ≡
1
6
〈log |g(3)(B)|〉, (3.16)
here the nite Lihnerowiz [66℄ dieo-invariant volume V0 =
∫
d3x
is introdued
3
. In this ase,
log |g˜(3)| = log |g(3)(B)| − 6 log a (3.17)
is identied with the nonzero Fourier harmonis that satisfy the on-
straint
〈log |g˜(3)|〉 ≡ 0. (3.18)
A salar eld an be also presented as a sum of a zeroth Fourier
harmonis and nonzero ones
Q = 〈Q〉+Q; 〈Q〉 = 0. (3.19)
Finally, the ation (3.9) takes the form of the sum of nonzero and
zeroth-mode-ontributions
SGR&SM[ϕ0|F,Q] = SGR&SM[ϕ|F˜ , Q] + Szm[ϕ|Q]; (3.20)
here the rst ation repeats ation SGR&SM[ϕ0|F,Q] (3.9), where
[ϕ0|F,Q] are replaed by [ϕ|F˜ , Q], and the seond
Szm[ϕ|Q]
∣∣∣
N0 6=1
= V0
∫
dx0
1
N0
[
ϕ2
(
d〈Q〉
dx0
)2
−
(
dϕ
dx0
)2]
︸ ︷︷ ︸
zeroth−mode contribution
≡
∫
dx0Lzm
(3.21)
3
One should emphasize that modern osmologial models [59℄ are onsidered
in the nite spae and nite time-interval in a referene frame identied with
the frame of the Cosmi Bakground Mirowave (CMB) radiation.
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is the ation of the zeroth modes ϕ, 〈Q〉; here
1
N0
=
1
V0
∫
d3x
N˜d
≡
〈
1
N˜d
〉
(3.22)
is the homogeneous omponent of the lapse funtion. The ation of
the loal variables in (3.20) determines the orrespondent densities
for the loal variables
T˜d = −δSGR&SM[ϕ0|F˜ , Q]
δN˜d
, (3.23)
T˜ψ − 〈T˜ψ〉 = −ψ˜ δSGR&SM[ϕ0|F˜ , Q]
δψ˜
= 0,
where ψ˜ = 6
√
|g˜(3)| is the Dira notation of the spatial metri deter-
minant [13℄.
The ation (3.20) oinides with the ation of the relativisti me-
hanis, where the dimension osmologial sale fator plays the role
of the external evolution parameter in the eld spae of events
[ϕ|F˜ , Q, 〈Q〉], where ϕ is the time-like variable in this spae, and
F˜ , Q, 〈Q〉 are the spae-like ones.
The ation priniple for the S[ϕ0|F,Q] with respet to the lapse
funtion N˜d gives the energy onstraints equation
1
N 2(ζ, xk)
[(
dϕ(ζ)
dζ
)2
− ϕ2(ζ)
(
d〈Q〉(ζ)
dζ
)2]
− T˜d(ζ, xk) = 0,
(3.24)
where T˜d is given by Eq. (3.23) and
ζ =
∫
dx0N0 (3.25)
is the dieo-invariant homogeneous time-interval with its derivative
and
N (ζ, xk) = N˜d(ζ, xk)〈N˜−1d 〉(ζ), (3.26)
is difeo-invariant part of the loal lapse funtion with the unit on-
straint
〈N−1〉 ≡ 1
V0
∫
d3xN−1 = 1 (3.27)
following from the denition of the homogeneous omponent of the
lapse funtion N0 given by Eq. (3.22). This equation is the algebrai
one with respet to the dieo-invariant lapse funtion N and has
solution satisfying the onstraint (3.26)
N = 〈T˜ 1/2d 〉T˜−1/2d . (3.28)
52
The substitution of this solution into the energy onstraint (3.24)
leads to the osmologial type equation
ϕ′2 = ρtot(ϕ) = ρloc(ϕ) + ρzm(ϕ); (3.29)
here the total energy density ρtot(ϕ) is split on the sum of the energy
density of loal elds (lo) and the zeroth mode (zm) one dened as
ρloc(ϕ) = 〈(T˜d)1/2〉
2
, ρzm(ϕ) = ϕ
2〈Q〉′2 =
P 2〈Q〉
4V 20 ϕ
2
(3.30)
where
P〈Q〉 =
∂Lzm
∂(∂0〈Q〉) = 2V
0ϕ2
d〈Q〉
dζ
≡ 2V 0ϕ2〈Q〉′ (3.31)
is the salar eld zeroth mode momentum that is an integral of motion
of the onsidered model beause the ation does not depend on 〈Q〉.
The onstraint-shell value of the momentum of external time ϕ
Pϕ =
∂Lzm
∂(∂0ϕ)
= 2V0ϕ
′ = ±2V0
√
ρtot(ϕ) ≡ ∓Eϕ (3.32)
an be onsidered as the Hamiltonian generator of evolution of all
eld variables with respet to ϕ in the spae of events [ϕ|F˜ , Q, 〈Q〉].
The value of the momentum Pϕ = ±Eϕ onto solutions of the motion
equations an be onsidered as an energy of the universe, in aord
with the analogy with relativisti mehanis. We an see also that a
solution of Eq. (3.32) with respet to dieo-invariant time-interval ζ
(3.25)
ζ± = ±
ϕ∫
ϕI
dϕ˜√
ρtot(ϕ˜)
(3.33)
is the Hubble law in the exat theory, that inludes the initial datum
ϕI = ϕ(ζ = 0).
3.3.2 Zeroth mode setor of GR&SM theory as a osmo-
logial model
Let us onsider solutions of Eqs. (3.29), (3.30), (3.32), and (3.33)
in the ase of the zeroth mode setor in the ation (3.24), i.e. for
ρloc = 0. The zeroth mode setor [ϕ|〈Q〉] in the ation (3.24)
Szm = V0
∫
dx0
1
N0
[
ϕ2
(
d〈Q〉
dx0
)2
−
(
dϕ
dx0
)2]
︸ ︷︷ ︸
zeroth−mode contribution
(3.34)
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is most important at the beginning of the Universe, when all partile
like exitations are absent. One an say that at the beginning there
were only the beginning data ϕI , ϕ
′
I , 〈Q〉I , 〈Q〉′I ,.
ds2 = ds2WDW = a
2(x0)[(N0(x
0)dx0)2 − (dxidxi)], (3.35)
a = ϕ/ϕ0, (3.36)
η =
∫
dx0N0(x
0). (3.37)
The onformal vauum Higgs eet onsidered in Setion 1, in the
osmologial approximation, is desribed by the ation
Svac = V0
∫
dx0
[
ϕ2
N0
(
d〈Q〉
dx0
)2
− 1
N0
(
dϕ
dx0
)2
−N0Vconfeff
]
, (3.38)
where V
conf
eff is the ColemanWeinberg eetive potential and is given
by the formula (1.79). These ation and interval keep the symmetry
with respet to reparametrizations of the oordinate evolution param-
eter x0 → x0 = x0(x0). Therefore, the osmologial model (3.38)
an be onsidered by analogy with a model of a relativisti partile
in the Speial Relativity (SR) inluding the Hamiltonian approah to
this theory. The anonial onjugate momenta of the theory (3.38)
are
Pϕ = 2ϕ
′V0, P〈Q〉 = 2ϕ
2〈Q〉′V0 (3.39)
where f ′ =
df
dη
. The Hamiltonian ation has a form
Svac =
∫
dx0
[
P〈Q〉
d〈Q〉
dx0
− Pϕ dϕ
dx0
− N0
4V0
(−P 2ϕ + E2ϕ)] , (3.40)
where
Eϕ = 2V0
[
P 2〈Q〉
4V 20 ϕ
2
+ Vconfeff
]1/2
(3.41)
is treated as the "energy of a universe".
The lassial energy onstraint in the model (3.40) is
P 2ϕ − E2ϕ = 0 (3.42)
and repeat ompletely the osmologial equations in the ase of the
rigid state equation Ωrigid = 1 beause due to the unit vauum-
vauum transition amplitude V confeff (ϕ〈QI〉) = 0
ϕ20a
′2 =
P 2QI
4V 20 ϕ
2
= H20
Ωrigid
a2
, (3.43)
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where PQI is a onstant of the motion
P ′QI = 0, (3.44)
beause in the equation of motion
P ′〈Q〉 +
dVconfeff (ϕ〈Q〉)
d〈Q〉 = 0, (3.45)
the last term is equal zeroth
dVconfeff (ϕ〈Q〉)
d〈Q〉 = 0 if all masses satisfy
the Gell-MannOakesRenner type relation (1.88).
The solution of these equations take the form
ϕ(η) = ϕI
√
1 + 2HIη, 〈Q〉(η) = QI + log
√
1 + 2HIη, (3.46)
where
ϕI = ϕ(η = 0), HI ≡ ϕ
′(η = 0)
ϕ(η = 0)
=
P〈Q〉
2V0ϕ2I
, (3.47)
QI = 〈Q〉(η = 0), P〈Q〉 = const (3.48)
are the ordinary free initial data of the equation of the motion.
Besides of the Higgs eld QH an be one more (massless) salar eld
QA (of the type of axion (A)). In this ase
ϕ(η) = ϕI
√
1 + 2HIη, (3.49)
QA(η) = QAI +
HA
2HI log (1 + 2HIη), (3.50)
QH(η) = QHI +
HH
2HI log (1 + 2HIη), (3.51)
where ϕI ,HI =
√H2A +H2H and QAI ,HA = PA2V0ϕ2I and QHI ,HH =
PH
2V0ϕ2I
are free initial data in the CMB frame of referene, in the
ontrast to the Inationary model, where ϕI = H(η = η0). One
an see that this main hypothesis of the Inationary model ontra-
dits to the dieo-invariant onstraint-shell dynamis of the GR, in
partiular the osmologial model (3.40), where the onstraint-shell
Hamiltonian ation takes a form
Sconstraint shellvac =
ϕ0∫
ϕI
dϕ
[
P〈Q〉
d〈Q〉
dϕ
∓ Eϕ
]
. (3.52)
As it was shown [28, 29, 63, 72℄ there are initial data of quantum
reation of matter at zI+1 = 10
15/3, and a value of the Higgs-metri
mixing angle Q0 ≃ 3× 10−17 is in agreement with the present-day
energy budget of the Universe.
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3.3.3 Quantum universes versus lassial ones
The standard pathway from SR to QFT of partiles shows us the sim-
ilar pathway to QFT of universes [11, 10℄ that inlude the following
steps.
1. The Hamiltonian approah: (3.40),
2. Resolution of the energy onstraint: P 2ϕ − E2ϕ = 0 with respet
to Pϕ = ±Eϕ (3.32),
3. Redution as substitution of these solutions into ation (3.40)
gives us the redued ation
S =
ϕ0∫
ϕI
dϕ˜
[
P〈Q〉
d〈Q〉
dϕ˜
∓ Eϕ
]
(3.53)
and the time-interval (η)  time-variable (ϕ) relation (3.33)
η± = ±
ϕ∫
ϕI
dϕ˜√
ρzm(ϕ˜)
= V0
∣∣∣∣ϕ20 − ϕ2IP〈Q〉
∣∣∣∣ (3.54)
that is treated in osmology as the Hubble law (and in SR, as
the Lorentz transformation),
4. Primary quantization of the energy onstraint: [Pˆ 2ϕ−E2ϕ]Ψ = 0,
here Pˆϕ = −i d
dϕ
,
5. Seondary quantization of the energy onstraint: Ψ =
A+ +A−√
2Eϕ
,
6. The Bogoliubov transformation: A+ = αB++β∗B−,
7. The Bogoliubov vauum : B−|0 >U= 0, and
8. Cosmologial reation of NU = U < 0|A+A−|0 >U universes
from the Bogoliubov vauum |0 >U at η = 0 (see in detail
Appendies A and B [10℄).
The arrow of the time-interval η ≥ 0 arises at the step 5.) of the
deomposition of the wave funtion onto the sum of the reation
operator of a universe going forward ϕ ≥ ϕI with positive energy
Pϕ ≥ 0, and the annihilation operator of a universe going bakward
ϕ ≤ ϕI with energy Pϕ ≤ 0. This eightfold pathway shows us that
two quantizations 4.) and 5.) are needed, in order to remove the
negative energy and provide the stable system [10℄.
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The eight priniples are the basis of the fundamental operator
quantization as the result of the QFT experiene in the twentieth
entury. The main priniple providing this quantization is the o-
ordinate time reparametrization symmetry of the ation leading to
the onepts of energy onstraint, spae of events, time-event  time-
interval relation, partile, quasipartile, vauum, and quantum re-
ation from vauum as a QFT mathematial model of Big-Bang
onsidered above. In the model of rigid state, where Eϕ = P〈Q〉/ϕ,
we have an exat solution for number of reated universes (see Eqs.
(B.21))
NU =
1
4P 2〈Q〉 − 1
sin2
[√
P 2〈Q〉 −
1
4
ln
ϕ
ϕI
]
6= 0, (3.55)
where
ϕ = ϕI
√
1 + 2HIη (3.56)
and ϕI , HI = ϕ
′
I/ϕI = P〈Q〉/(2V0ϕ
2
I) are the initial data.
There is another version of GR aepted in ΛCDM osmologial
perturbation theory [60, 73℄. For simpliity, one an ompare this
version using as example the zeroth mode setor (3.21). Instead of
the SR type theory (3.21) in [60, 73℄ one uses its version obtained by
the substitution of the N0 = 1, x
0 = η gauge into the ation (3.21)
Szm[ϕ|Q]
∣∣∣
N0=1
= V0
∫
dx0
[
ϕ2
(
d〈Q〉
dx0
)2
−
(
dϕ
dx0
)2]
︸ ︷︷ ︸
zeroth−mode contribution
∣∣∣
x0=η
. (3.57)
In this ase, the reparametrization symmetry is postulated on the
level of lassial equations [74℄ so that the measurable onformal time
beomes an objet of reparametrizations η → η˜ = η˜(η) in the ontrast
to the Dira denition of measurable quantities as dieo-invariants.
The quantum theory (3.57) does not ontain a vauum as a state
with the minimal energy beause the orresponding Hamiltonian is
not restrited from bottom; therefore, this theory is not stable in
ontrast to the initial theory (3.21), where the primary and seondary
quantizations determine the vauum as state with the minimal energy
of the onstraint-shell Universe motion in its spae of events.
However, very the problem of uniation GR with SM based on
the fundamental quantization of relativisti QFT supposes the on-
sideration of SM and GR on equal footing. Therefore, instead of
the theory (3.57) without the vauum postulate aepted in ΛCDM
model [60℄, we shall onsider the theory (3.21) with vauum postulate
aepted in SR and GR. The theory (3.21) has a partiular quantum
solution (3.55), (3.56) prediting an inevitable vauum reation of a
number of universes determined by the free initial data ϕI ,HI ,
and 〈Q〉I = Q0 inluding P ′〈Q〉 = 0 (3.45) at the moment η = 0.
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In this ase, the orresponding equation of motion in SM admits
an arbitrary value of the initial datum 〈Q〉I = Q0. These initial data
determine the mass spetrum of the SM partiles (vetor, bosons and
fermion) in the SM Lagrangian.
3.4 Hamiltonian GR&SM
3.4.1 GR&SM theory in the 3L+1G Hamiltonian approah
As we have seen above in Subsetion 1.5, that the dieo-invariant
3L+ 1G version
ds2 ≡ ω(α)ω(α) = a2ω˜(α)ω˜(α) = a2ψ˜4 ω(L)(α)ω(L)(α) , (3.58)
ω
(L)
(0) = ψ˜
4Ndζ, (3.59)
ω
(L)
(b) = e(b)idx
i +N(b)dζ, (3.60)
− δS
δN˜d
= 0 ⇒ N = 〈T˜ 1/2d 〉T˜−1/2d , (3.61)
T˜d =
4ϕ20a
2
3
ψ˜7△ψ˜ +
∑
I=0,4,6,8,12
aI/2−2ψ˜ITI , (3.62)
−ψ˜ δS
δψ˜
= 0 ⇒ T˜ψ − 〈T˜ψ〉 = 0, (3.63)
T˜ψ =
4ϕ20a
2
3
{
7N ψ˜7△ψ˜ + ψ˜△
[
N ψ˜7
]}
+ (3.64)
+ N
∑
I=0,4,6,8,12
IaI/2−2ψ˜ITI
is more adequate to nite volume and nite time of the osmologial
dynamis of the Universe as the whole, with the Hubble law (3.33)
than the Dira  ADM 4L version
ω(0) = ψ
6Nddx
0, (3.65)
ω(b) = ψ
2e(b)i(dx
i +N idx0), (3.66)
− δS
δNd
≡ Td = 4ϕ
2
0
3
ψ7△ψ +
∑
I=0,4,6,8,12
ψITI = 0, (3.67)
−ψ δS
δψ
≡ Tψ = 4ϕ
2
0
3
{
7Ndψ
7△ψ + ψ△ [Ndψ7]}+ (3.68)
+ Nd
∑
I=0,4,6,8,12
IψITI = 0.
Moreover, the dieo-invariant 3L+1G Hamiltonian approah an be
onsidered as the nite volume generalization of the aeptable Dira
 ADM one with 4L onstraints. Both these approahes oinide in
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the innite volume limit a = 1, 〈T˜ 1/2d 〉 → 0. However, the 4L version
loses reparametrization time symmetry priniple and its diret onse-
quenes, suh as the evolution parameter ϕ0a = ϕ in the eld spae
of events and the energy of event that arises in the Hamiltonian
onstraint-shell ation (3.9)
SGR&SM
∣∣
constraint−shell
=
∫
dx0
∫
d3x
∑
F=ψ,e,Q
PF ∂0F. (3.69)
The kinemetri subgroup (2.37) essentially simplies the solution of
the energy onstraint (3.24), if the homogeneous variable is extrated
from the the determinant ψ2(x0, xk) = a(ζ)ψ˜2(ζ, xk) with the addi-
tional onstraints∫
d3x log ψ˜ ≡ 0, (3.70)
1
V0
∫
d3x
1
N ≡
〈
1
N
〉
= 1, (3.71)
|e(b)i| = 1, ∂kek(b) = 0, (3.72)
(ψ˜6)′ = ∂(b)(ψ˜
6N(b)) (3.73)
ζ± = ±
ϕ∫
ϕI
dϕ˜√
〈(T˜d)1/2〉2 + P 2〈Q〉/(2V0ϕ0a)2
. (3.74)
The ation (3.69) after the separation of the zeroth modes (3.16)
and (3.19) takes the form
(3.69) =
∫
dx0

∫
V0
d3x
∑
eF=eψ,e,Q
P eF ∂0F˜
+ P〈Q〉 d〈Q〉
dx0
− Pϕ dϕ
dx0

=
ϕ0∫
ϕI
dϕ

∫
V0
d3x
∑
eF= eψ,e, Q
P eF∂ϕF˜
+ P〈Q〉 d〈Q〉
dϕ
± Eϕ
 .(3.75)
where
Pϕ = ±Eϕ = ±2V0
√
〈(T˜d)1/2〉2 + P 2〈Q〉/(2V0ϕ0a)2 (3.76)
is the onstraint-shell Hamiltonian in the spae of events given by
the resolving the energy onstraint (3.32).
3.5 Correspondene priniple
The physial meaning of this onstraint-shell Hamiltonian an be re-
vealed in the limit of the tremendous ontribution of the homogeneous
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energy density
2V0〈(T˜d)1/2〉2=2V0〈(ρs+Tsm)1/2〉2=2V0ρs+
∫
d3xTsm,
2V0ρs ≃ 1079GeV≫
∫
d3xTsm ≃ 102GeV. (3.77)
In this ase the onstraint-shell Hamiltonian takes the form
Pϕ = ±Eϕ = ±2V0
√
〈(T˜d)1/2〉2 + P 2〈Q〉/(2V0ϕ0a)2 =
= ±
2V0√ρcr + 1√
ρcr
∫
V0
d3xTsm + ...
 , (3.78)
ρcr = ρs + ρzm, ρzm =
P 2〈Q〉
(2V0ϕ0a)2
. (3.79)
Using the standard denition of the onformal time in osmology
dϕ = dη
√
ρcr one an see that the onstraint-shell ation (3.75)
S =
ϕ0∫
ϕI
dϕ
{
+P〈Q〉
d〈Q〉
dϕ
± 2V0√ρcr
}
+ (3.80)
+
η0∫
0
dη
∫
V0
d3x
∑
eF=eψ,e,Q
P eF ∂ϕF˜ ± Tsm
 .
is the sum of ation of homogeneous osmology and the ation of
the loal eld theory with the SM Hamiltonian, where all masses
are determined by the Higgs-metri angle 〈Q〉 and the osmologial
sale fator a(η).
The osmologial dynamis in the form of the Hubble law is
η± = ±ϕ0
ϕ0a∫
ϕ0aI
da˜√
ρcr(a˜)
, (3.81)
is a one of onsequenes of the time reparametrization invariane
priniple. In the homogeneous approximation
ρcr = ρs + ρzm =
= ρ0cr
∑
I=0,4,6,8,12
ΩIa
I/2−2(η), (3.82)
∑
I=0,4,6,8,12
ΩI = 1,
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where ΩI is partial energy density marked by the index I running a
olletion of values I = 0 (rigid), 4 (radiation), 6 (mass), 8 (urva-
ture), 12 (Λ-term) in aordane with a type of matter eld ontri-
butions.
The equation of 〈Q〉 take the standard form
P ′〈Q〉 −
dL
d〈Q〉 = 0. (3.83)
In the ase of
dL
d〈Q〉 = 0, P〈Q〉/(2V0) = 〈Q〉
′ϕ20a
2
is an integral of
motion. Therefore
〈Q〉(η) = Q0 +
P〈Q〉
2ϕ20V0
η∫
0
dη˜
a2(η˜)
. (3.84)
The aepted ΛCDM osmologial model arises in the ase if P〈Q〉 ≃
0, when the rigid state is suppressed by the Λ -term ΩI=12 in the
total density (3.82)
ΩI=12a
4(η)≫ ΩI=0
a2(η)
. (3.85)
At the Plank epoh of the primordial ination
ϕI = ϕ0a0 ≃ H0 ≃ 10−61ϕ0 (3.86)
this means that Λ -term is greater than the rigid, if
ΩΛ(I=12) ≥
Ωrigid(I=0)
a6I
= 10366Ωrigid(I=0). (3.87)
Here a question arises: What is a reason of this strong dominane of
the Λ-term, if its ontribution is suppressed in 10366 times in om-
parison with the rigid state?
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4 GR&SM theory as a onformal brane
4.1 The Lihnerowiz variables and relative units of
the dilaton gravitation
One an say that the manifest dependene on the energy density Td
on the spaial determinant ψ in the expression (1.68) is equivalent to
a hoie the Lihnerowiz (L)-oordinates (2.27) ω
(L)
(µ) and L-variables
(2.28), (2.29) as observable ones. The L-observables are physially
equivalent with the ase when the eld with the mass m = m0ψ
2
is ontained in spae-time distinguished by the unit spatial metri
determinant and the volume element
dV (L) = ω
(L)
(1) ∧ ω(L)(2) ∧ ω(L)(3) = d3x. (4.1)
In terms of the L-variables and L-oordinates ϕ0ψ
2 = w the Hilbert
ation of lassial theory of gravitation (2.2) is formally the same as
the ation of the dilaton gravitation (DG) [75℄
SDG[gˆ
w] = −
∫
d4x
√−gˆw
6
R(gˆw) ≡ (4.2)
≡ −
∫
d4x
[√−gw2
6
R(g)− w∂µ(
√−g∂νgµν)
]
,
where gˆw = w2g and w is the dilaton salar eld. This ation is
invariant with respet to the sale transformations
F (n)Ω = ΩnF (n), gΩ = Ω2g, wΩ = Ω−1w. (4.3)
One an see that there is a transformation
Ω =
w
ϕ0
(4.4)
onverting the dilaton ation (4.6) into the Hilbert one (2.2). In this
manner, the CMB frame reveals the possibility to hoose the units
of measurements in the anonial GR. The dependene on the en-
ergy momentum tensors on the spatial determinant potential ψ is
ompletely determined by the Lihnerowiz (L) transformation to
the onformal variables (2.27), (2.28), and (2.29). The manifest de-
pendene on the energy density Td on the spaial determinant ψ
in the expression (1.68) is equivalent to a hoie the L-oordinates
(2.27) ω
(L)
(µ) and L-variables (2.28), (2.29) as observable ones. The
L-observables are physially equivalent with the ase when the eld
with the mass m = m0ψ
2
is ontained in spae-time distinguished by
the unit spatial metri determinant and the volume element (4.1).
In terms of the L-variables and L-oordinates
ϕ0ψ
2 = X(0) (4.5)
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the Hilbert ation of lassial theory of gravitation (2.2) is formally
the same as the ation of the dilaton gravitation (DG) [75℄
SDG = (4.6)
−
∫
d4x
[√−g(L)X2(0)
6
R(g(L))−X(0)∂µ(
√−g(L)∂νgµν(L)X(0))
]
,
where g(L)µν = |g(3)|−1/3gµν and X(0) is the dilaton salar eld. This
ation supplemented by onformally oupling salar Φ = X(1) eld
takes the form of a relativisti brane
S
(D=4/N=2)
brane [X(0), X(1)]= −
∫
d4x
[
√−g
X2(0) −X2(1)
6
(4)R(g)−
− X(0)∂µ(
√−ggµν∂νX(0)) +X(1)∂µ(
√−ggµν∂νX(1))
]
, (4.7)
with two external oordinates dened as
X(0) = ϕ0ψ
2, X(1) = Φ (4.8)
in aord with the standard denition of the general ation for brane
in D/N dimensions given in [19℄ by
S
(D/N)
brane = −
∫
dDx
N∑
A,B=1
ηAB
[
√−g XAXB
(D − 2)(D − 1)
(D)R(g)−
XA∂µ(
√−ggµν∂νXB)
]
. (4.9)
In this ase, for D = 4, N = 2 we have ηAB = diag{1,−1}. The
hidden onformal invariane of the theory (4.7) admits to replae
the Einstein denition of a measurable interval (2.1) in GR by its
onformal invariant version as a Weyl-type ratio
ds2(L) =
ds2
ds2units
, (4.10)
where ds2units is an interval of the units that is dened like the Einstein
denition of a measurable interval (2.1) in GR.
This ation is invariant with respet to the sale transformations
F (n)Ω = ΩnF (n), gΩ = Ω2g, XΩ(0) = Ω
−1X(0). (4.11)
One an see that there is a transformation
Ω = X(0)ϕ
−1
0 (4.12)
onverting the dilaton ation (4.6) into the Hilbert one (2.2). In this
manner, the CMB frame reveals the possibility to hoose the units of
measurements in the anonial GR.
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4.2 "Coordinates" in brane "superspae of events"
The analogy of the onformally oupling salar eld in GR with a
relativisti brane (4.7) allows us to formulate the hoie of variables
(3.4) and (3.5) as a hoie of the frame in the brane superspae of
events
X˜(0) =
√
X2(0) −X2(1), (4.13)
Q = arc coth
X(0)
X(1)
(4.14)
As we have seen above the argument in favor of the hoie of these
variables is the denition of the measurable value of the Newton
onstant
G =
8π
3
X˜−2(0)
∣∣∣
present−day
=
8π
3
ϕ−20 (4.15)
as the present-day value of the oordinate X˜(0) = ϕ0.
In the ase the ation (4.7) takes the form
S
(D=4/N=2)
brane [X(0), X(1)]=∫
d4x
[√−g(L)X˜2(0)
(
−
(4)R(g(L))
6
+ gµν(L)∂µQ∂νQ
)
+
X˜(0)∂µ
(√−g(L)gµν(L)∂νX˜(0))
]
. (4.16)
This form is the brane generalization of the relativisti onformal
mehanis
S
(D=1/N=2)
particle [X0, Q0] =
∫
ds
[
X20
(
dQ0
ds
)2
−
(
dX0
ds
)2]
; (4.17)
ds = dx0e(x0) (4.18)
onsidered as a simple example in the Setion 3.
The relativisti mehanis (4.17) has two dieo-invariant measur-
able times. They are the geometrial interval (4.18) and the time-
like variable X0 in the external superspae of events. The relation
between these two times X0(s) are onventionally treated as a rel-
ativisti transformation. The main problem is to point out similar
two measurable time-like dieo-invariant quantities in both GR and
a brane (4.16).
The brane/GR orrespondene (4.7) and speial relativity (4.17)
allows us to treat an external time as homogeneous omponent of the
time-like external oordinate X˜(0)(x
0, xk) identifying this homoge-
neous omponent with the osmologial sale fator a (2.35)
X˜(0)(x
0, xk)→ ϕ(x0) = ϕ0a(x0) (4.19)
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beause this fator is introdued in the osmologial perturbation
theory [59℄ by the sale transformation of the metris (4.8) too.
The question arises: What is the value of this initial datum ϕI =
ϕ0aI , if osmologial fator is treated as one of degrees of freedom?
4.3 Free initial data versus Plank's epoh
The degrees of freedom means that their initial data are beyond
equations of motion (i.e. free from any theoretial explanation)
and they an be dened by only tting of dieo-invariant observa-
tional data. This freedom is main dierene of a theory from
Inationary Model [24℄, where these data are determined by funda-
mental parameters of equations of motion of the type of the Plank
mass. In partiular, in the Inationary Model (and ΛCDM Model
too), the initial datum aI is explained by the onstraint
aI = a
′
0/ϕ0 ≡ H0/ϕ0 (4.20)
alled the Plank epoh. This onstraint is justied by the funda-
mental status of the Plank mass parameter in the initial Einstein 
Hilbert ation.
However, as we have seen in both the exat GR (3.2), (3.20) and
its osmologial approximation (3.21), dieo-invariant solutions of
Einstein equations in GR ontain the Plank mass as a multiplier of
the osmologial sale fator ϕ = ϕ0a, so that the Plank mass arises
in the dieo-invariant redued ation (3.53) as a present-day datum
ϕ0 = ϕ(η = η0).
The present-day status of the Plank mass in GR is one of onse-
quenes of the dieo-invariant redution of theory to the onstraint-
shell ation (3.9).
Therefore, the justiation of the Plank epoh, in Inationary
Model, in the form of the onstraint (4.20) looks as artefat of the
dieo-non-invariant onsideration that is not ompatible (as we have
seen above) with the pratie of SR and the Dira denition of ob-
servables as dieo-invariants.
Moreover, the Plank's onstraint (4.20) is not ompatible with
the ausality priniple of the dieo-invariant ation, in aord to
whih, in the sum
ϕ0∫
ϕI
dϕ˜Eeϕ =
ϕ∫
ϕI
dϕ˜Eeϕ +
ϕ0∫
ϕ
dϕ˜Eeϕ, (4.21)
the initial datum ϕI in the rst integral does not depend on the
present-day data ϕ0, ϕ
′
0 = H0ϕ0 in the seond integral in ontrast
with the aeptable treatment (4.20) of the Plank epoh as the
Early Universe one ϕI = H0.
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5 Observational tests
5.1 Test I. The supernova Ia data
Figure 3: The Hubble diagram in ases of the absolute units of standard
osmology (SC) and the relative units of onformal osmology (CC) [65,
76, 77℄. The points inlude 42 high-redshift Type Ia supernovae [86℄ and
the reported farthest supernova SN1997 [78℄. The best t to these data
requires a osmologial onstant ΩΛ = 0.7, ΩCDM = 0.3 in the ase of SC,
whereas in CC these data are onsistent with the dominane of the rigid
(sti) state. The Hubble Sope Spae Telesope team analyzed 186 SNe
Ia [79℄ to test the CC [77℄.
Sine the end of the XX entury supernovae data has widespread
tested for all theoretial osmologial models. The main reason of
this is the fat that supernovae "standard andles" are still unknown
or absent [80℄. Moreover, the rst observational onlusion about
aelerating Universe and existene of non-vanishing the Λ-term was
done with the osmologial SNe Ia data. Therefore, typially stan-
dard (and alternative) osmologial approahes are heked with the
test.
Models of Conformal Cosmology are also disussed among other
possibilities [8, 10, 15, 28, 29, 63, 64, 76, 81℄. Conformal Cosmology is
an alternative desription of the Supernovae data without the Λ-term
as evidene for the Weyl geometry [26℄ with the relative units inter-
val ds2Weyl = ds
2
Einstein/ds
2
Einstein Units where all measurable quantities
and their units are onsidered on equal footing. There is the salar
66
version of the Weyl geometry desribed by the onformal-invariant
ation of a massless salar eld [75℄ with the negative sign that is
mathematially equivalent to the Hilbert ation of the General Rela-
tivity where the role of the salar eld φ is played by the parameter
of the sale transformation gΩ = Ω2g multiplied by the Plank mass
φ = ΩMPlanck
√
3/(8π) [82℄.
We have seen above that the orrespondene priniple [6℄ as the
low-energy expansion of the redued ation (2.65) over the eld den-
sity shows that the Hamiltonian approah to the General Theory
of Relativity in terms of the Lihnerowiz sale-invariant variables
(2.73) identies the onformal quantities with the observable ones
inluding the onformal time dη, instead of dt = a(η)dη, the o-
ordinate distane r, instead of the Friedmann one R = a(η)r, and
the onformal temperature Tc = Ta(η), instead of the standard one
T . Therefore, the sale-invariant variables distinguish the onformal
osmology (CC) [64, 85℄, instead of the standard osmology (SC). In
this ase, the red shift of the wave lengths of the photons emitted
at the time η0 − r by atoms on a osmi objet in the omparison
with the Earth ones emitted at emitted at the time η0, where r is the
distane between the Earth and the objet:
λ0
λcosmic(η0 − r) =
a(η0 − r)
a(η0)
≡ a(η0 − r) = 1
1 + z
. (4.22)
This red shift an be explained by the running masses m = a(η)m0
in ation (2.72). In this ase, the Shrodinger wave equation[
pˆ2r
2a(η)m0
− α
r
]
ΨL(η, r) =
d
idη
ΨL(η, r) (4.23)
an be onverted by the substitution r =
R
a(η)
, pr = PRa(η), a(η)dη =
dt, a(η)ΨL(η, r) = Ψ0(t, R) into the standard Shrodinger wave equa-
tion with the onstant mass[
Pˆ 2R
2m0
− α
R
]
Ψ0(t, R) =
d
idt
Ψ0(t, R). (4.24)
Returning bak to the Lihnerowiz variables η, r we obtain the spe-
tral deomposition of the wave funtion of an atom with the running
mass
ΨL(η, r) =
1
a(η)
∞∑
k=1
e
−iε
(k)
0
η0R
η
deηa(eη)
Ψ
(k)
0 (a(η)r) =
∞∑
k=1
Ψ
(k)
L (η, r).(4.25)
Where ε
(k)
0 = α
2m0/k
2
is a set of eigenvalues of the Shrodinger wave
equation in the Coulomb potential. We got the equidistant spetrum
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−i(d/dη)Ψ(k)L (η, r) = ε(k)0 Ψ(k)L (η, r) for any wave lengths of osmi
photons remembering the size of the atom at the moment of their
emission.
The onformal observable distane r loses the fator a, in om-
parison with the nononformal one R = ar. Therefore, in the ase of
CC, the redshift  oordinate-distane relation η =
∫
dϕ(
√
ρ0(ϕ))
−1
orresponds to a dierent equation of state than in the ase of SC
[64℄. The best t to the data, inluding Type Ia supernovae [86, 78℄,
requires a osmologial onstant ΩΛ = 0.7, ΩCDM = 0.3 in the ase
of the sale-variant quantities of standard osmology. In the ase of
onformal quantities in CC, the Supernova data [86, 78℄ are onsis-
tent with the dominane of the sti (rigid) state, ΩRigid ≃ 0.85±0.15,
ΩMatter = 0.15 ± 0.15 [64, 65, 76℄. If ΩRigid = 1, we have the
square root dependene of the sale fator on onformal time a(η) =√
1 + 2H0(η − η0). Just this time dependene of the sale fator on
the measurable time (here  onformal one) is used for desription of
the primordial nuleosynthesis [76, 106℄.
This sti state is formed by a free salar eld when Eϕ = 2V0
√
ρ0 =
Q
ϕ
. In this ase there is an exat solution of the Bogoliubov equa-
tions of the number of universes reated from a vauum with the
initial data ϕ(η = 0) = ϕI , H(η = 0) = HI [9℄.
5.2 Test II. Partile reation and the present-day
energy budget
These initial data ϕI and HI are determined by the parameters of
matter osmologially reated from the Bogoliubov vauum at the
beginning of a universe η ≃ 0. The Standard Model (SM) den-
sity Ts in ation (2.72) shows us that W-, Z- vetor bosons have
maximal probability of this osmologial reation due to their mass
singularity [63℄. One an introdue the notion of a partile in a uni-
verse if the Compton length of a partile dened by its inverse mass
M−1I = (aIMW)
−1
is less than the universe horizon dened by the in-
verse Hubble parameter H−1I = a
2
I (H0)
−1
in the sti state. Equating
these quantitiesMI = HI one an estimate the initial data of the sale
fator a2I = (H0/MW)
2/3 = 10−29 and the primordial Hubble param-
eter HI = 10
29H0 ∼ 1 mm−1 ∼ 3K. Just at this moment there is
an eet of intensive osmologial reation of the vetor bosons de-
sribed in paper [63℄ (see Fig. 2); in partiular, the distribution fun-
tions of the longitudinal vetor bosons demonstrate learly a large
ontribution of relativisti momenta. Their onformal (i.e. observ-
able) temperature Tc (appearing as a onsequene of ollision and
sattering of these bosons) an be estimated from the equation in
the kineti theory for the time of establishment of this temperature
η−1relaxation ∼ n(Tc)× σ ∼ H, where n(Tc) ∼ T 3c and σ ∼ 1/M2 is the
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Figure 4: Dependene of longitudinal N‖ and transverse N⊥ ompo-
nents of the distribution funtion of vetor bosons on time τ = 2hiη
and momentum (x = q/mi). Their momentum distributions in units
of the primordial mass x = q/MI show the large ontribution of lon-
gitudinal bosons. Values of the initial data MI = HI follow from the
unertainty priniple and give the temperature of relativisti bosons
T ∼ HI = (M
2
0H0)
1/3 = 2.7K [63℄
ross-setion. This kineti equation and values of the initial data
MI = HI give the temperature of relativisti bosons
Tc ∼ (M2I HI)1/3 = (M20H0)1/3 ∼ 3K (4.26)
as a onserved number of osmi evolution ompatible with the Su-
pernova data [64, 78, 86℄. We an see that this value is surprisingly
lose to the observed temperature of the CMB radiation Tc = TCMB =
2.73 K.
The primordial mesons before their deays polarize the Dira
fermion vauum (as the origin of axial anomaly [87, 88, 89, 90℄) and
give the baryon asymmetry frozen by the CP  violation. The value of
the baryonantibaryon asymmetry of the universe following from this
axial anomaly was estimated in paper [63℄ in terms of the oupling
onstant of the superweak-interation
nb/nγ ∼ XCP = 10−9. (4.27)
The boson life-times τW = 2HIηW ≃ (2/αW )2/3 ≃ 16, τZ ∼ 22/3τW ∼
25 determine the present-day visible baryon density
Ωb ∼ αW = αQED
sin2 θW
∼ 0.03. (4.28)
All these results (4.26)  (4.28) testify to that all visible matter an be
a produt of deays of primordial bosons, and the observational data
on CMB radiation an reet parameters of the primordial bosons,
but not the matter at the time of reombination. In partiular, the
length of the semi-irle on the surfae of the last emission of photons
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at the life-time of W-bosons in terms of the length of an emitter (i.e.
M−1W (ηL) = (αW /2)
1/3(Tc)
−1
) is π · 2/αW . It is lose to lmin ∼ 210
of CMB radiation, whereas (△T/T ) is proportional to the inverse
number of emitters (αW )
3 ∼ 10−5.
The temperature history of the expanding universe opied in the
onformal quantities looks like the history of evolution of masses
of elementary partiles in the old universe with the onstant on-
formal temperature Tc = a(η)T = 2.73 K of the Cosmi Mirowave
Bakground radiation.
Equations of the vetor bosons in SM are very lose to the equa-
tions of the ΛCDM model with the inationary senario used for
desription of the CMB power primordial spetrum.
5.3 Test III: The Newton potential and the Large-
sale struture
The equations desribing the longitudinal vetor bosons in SM, in this
ase, are lose to the equations that follow from the Lifshits pertur-
bation theory and are used, in the inationary model, for desription
of the power primordial spetrum of the CMB radiation.
The next dierenes are a nonzero shift vetor and spatial osilla-
tions of the salar potentials determined by mˆ2(−). In the onformal
osmology model [64℄, the SN data orresponds to the dominane of
rigid state Ωrigid ∼ 1. The rigid state determines the parameter of
spatial osillations
mˆ2(−) =
6
7
H20 [ΩR(z + 1)
2 +
9
2
ΩMass(z + 1)]. (4.29)
The redshifts in the reombination epoh zr ∼ 1100 and the lustering
parameter [82℄
rclustering =
π
mˆ(−)
∼ π
H0Ω
1/2
R (1 + zr)
∼ 130Mpc (4.30)
reently disovered in the researhes of a large sale periodiity in red-
shift distribution [83, 84℄ lead to a reasonable value of the radiation-
type density 10−4 < ΩR ∼ 3 · 10−3 < 5 · 10−2 at the time of this
epoh.
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6 Summary
We have proposed
• to make the Bekenstein  Wagoner transformation in the uni-
ed GR&SM theory, in order to restore the Newton law, (this
restoration onverts the Higgs eld into dimensionless "angle"
of the metri-Higgs mixing),
• to onvert the fundamental onstant in the Higgs potential onto
the zeroth Fourier harmoni of the Higgs eld, that predits
mass of the Higgs eld by initial date of the zeroth Fourier
harmoni,
• to attah the osmologial sale fator to the Plank mass as
the single dimension parameter of the theory,
• to hoose the Conformal Cosmology desription [8, 10, 15, 28,
29, 63, 64, 76, 77, 81℄ where the Rigid state is an equiva-
lent of the Quintessene state in the Standard Cosmology and
gives satisfatory explanation of the last Supernovae Ia data for
the luminosity distane-redshift relation without a osmologial
onstant,
• to hoose the free initial data for osmologial sale fator in-
stead of the Early Unverse Plank epoh where initial data of
the sale fator is determined by its present-day veloity (i.e.
the Hubble parameter). In the lass of the dieo-invariant so-
lutions of the Einstein eld equations, the Plank epoh an
be unambiguously treated as the present-day one, whereas the
opposite ase ontradits to the Causality Priniple.
In the Setion 4 it was shown that there are free initial data
of the Eletro-Weak epoh for both the zeroth modes (sale fator
and "angle" of the metri-Higgs mixing) that initiated the intensive
vauum reation of the SM partiles that an be treated as the "Big-
Bang".
In this ase the Hilbert ation-interval priniple with two times
the time of events as the osmologial sale fator, and the time-
interval gives responses on almost all problems of the Inationary
Model, if we replae its Early Universe Plank epoh by the free
initial data of the Eletro-Weak epoh.
• The Hubble law is the time of events  time-interval relation;
• Energy of events is the sale fator anonial momentum;
• Homogeneity is onsequene of the zeroth mode metri exita-
tion obtained by averaging of the spaial metri determinant
logarithm over the volume;
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• Horizon is given by the Weyl denition of the measurable inter-
val that attahes the osmologial sale fator to all masses so
that we get running masses instead of the expanded Unverse;
• Flatness is given by the initial data;
• Plank era is the present-day one;
• Singularity is absent in Quantum Universe with stable vauum;
• Arrow of time-interval is onsequene of the ausal quantiza-
tion and primary and seondary quantization of the energy on-
straint, in order to obtain the QFT Bogoliubov vauum, as a
state with the minimal energy of events;
• Cosmologial vauum reation treated in the modern literature
as "Big-Bang" is onsequene of the running masses;
• Origins of temperature ( 2.7 K) are onsequene of sattering
and ollisions of primordial partile reated from vauum.
The unied theory keeps the Newton gravity, provided that the
Higgs salar eld mixes with the salar metri omponent that on-
vert the Higgs eld into the "metri-Higgs mixing angle" Q.
Then, in order to adapt the Standard Model (SM) to osmol-
ogy, we onsider the SM version, where the fundamental dimensional
parameter C in the Higgs potential λ(Φ2 − C2)2 is replaed by ze-
roth Fourier harmoni of the Higgs eld Φ, so that all masses in
SM are determined by initial data of the potential free (i.e. iner-
tial) equation of this harmoni. Suh the replaement of the funda-
mental parameter by an initial datum immediately predits mass of
Higgs eld ∼ 250 GeV that follows from the extremum of the quan-
tum Coleman  Weinberg eetive potential obtained from the unit
vauumvauum transition amplitude in the inertial motion regime.
We onsider a osmologial model, where the dierene between the
Higgs eld and any additional salar eld forming the density of
the Early Universe an be explained by initial data of inertial mo-
tions of these salar elds. The inertial motion of a salar eld or-
responds to the rigid state equation. The dominane of the rigid
state is onsistent with the best t to the Hubble diagram of high-
redshift Type Ia supernovae and SN1997 [79℄ in the Conformal Cos-
mology [8, 10, 15, 28, 29, 63, 64, 76, 77, 81℄, whereas in Standard
Cosmology these data requires a osmologial onstant ΩΛ = 0.7,
ΩColdDarkMatter = 0.3 [25℄.
The Conformal Cosmology is the generalization of the Copernian
relativity of positions and veloities to the Weyl relativity of values of
intervals. The Conformal Cosmology is based on the Weyl denition
of the measurable interval as the ratio of the Einstein one and the
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units determined by the standard mass m0. If we joint the osmolog-
ial sale fator to the length, we get the expanded Universe in the
Standard Cosmology. If we joint the osmologial sale fator to the
units (i.e. masses inluding m0), we get the Conformal Cosmology as
the ollapsed units of an observer, just as Copernius explained the
Planet motion by a relative position of an observer in the Helioen-
tri system. In both the ases, the Copernian relativity of positions
and veloities and the Weyl relativity of values of intervals mean free
initial data of equations of motion, in partiular, the free initial data
of the osmologial sale fator in ontrast to the Plank epoh of
the Inationary Model [24℄. All masses in Conformal Cosmology de-
pend on the initial data of a solution of the equation of motions in
the CMB frame, like a trajetory of a partile in the Newton me-
hanis depends on initial data tted from observations in a frame
of referene to initial data.
One more dierene from the Inationary Model [24℄ is the Ein-
stein  Hilbert relativity of times. The relativity of times allows us to
treat osmologial sale fator as the time-variable in spae of events,
osmologial equations  as the energy onstraint in spae of events,
and Big-Bang as an inevitable onsequene of the primary and se-
ondary quantization of this energy onstraint in the form of vauum
reation of the universe and matter with the arrow of time-interval
as an quantum anomaly. This anomaly is the onsequene of the
vauum postulate about a quantum state with the minimal energy in
the spae of events.
All relativity priniples are onsistent with the Dira Hamilto-
nian approah based on the lassiation of all eld omponents
onto the Laplae-like potentials with the boundary ondition and the
d'Alambert-like degrees of freedom with initial data.
The CMB frame xing and the nite spae-time suppose a formu-
lation of GR with the omplete separation of the frame transforma-
tions from the general oordinate ones identied with the dieomor-
phisms [9, 28℄. Suh the separation states the following questions.
1. What is a status of the onformal time in the Hubble redshift
 luminosity distane relation? Is the onformal time an objet
of Bardeen's gauge transformations [74℄, or it is gauge-invariant
measurable quantity in CMB frame in aord with the Dira
denition of observable quantities as invariants?
2. What is a status of the osmologial sale fator? Is it an ad-
ditional variable in Lifshitz's osmologial perturbation theory
[60℄, or it is a zeroth mode of the salar metri omponent?
3. What are initial data of the osmologial sale fator? Are they
the Plank epoh data as the origin of the numerous problems
in the Inationary Model [24℄, or they are free from equations
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of motion in aord with the standard ausality priniple for
any dynami systems?
4. What is the vauum of osmologial models?
5. What is the origin of arrow of time?
Responses to these questions an be given by the mentioned above
the Hamiltonian tool [13, 28, 29, 91℄.
Just the omplete separation of the frame transformations from
the general oordinate ones is the main dierene of the Hamilto-
nian approah to GR from the naive Bardeen's approah [74℄ to
the osmologial perturbation theory aepted in the Inationary
Model. The Bardeen's gauge transformations of the measurable time
η → η˜ = η˜(η) identies the unmeasurable oordinate time x0 as an
objet of the reparametrizations with the dieo-invariant measurable
interval η = x0. This onfusing x0 = η is an obstale for the onsis-
tent desription of the dynamis in the redue phase spae of events
[ϕ|Q], where the sale fator ϕ is the single independent evolution
parameter. This onfusing two times x0 = η also prevents to under-
stand the relativisti status of the Hubble law, spae of events [ϕ|Q],
the energy of events, the vauum of events, the vauum reation of
the Universe, and the arrow of time in the osmologial models [10℄.
We show that there are the free initial data aI = 3× 10−15, Q0 =
3× 10−17 that give the similar inevitable vauum reation of partile
in agreement with the present day energy budget of the Universe.
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A Hilbert's QFT Foundations
A.1 Hilbert's formulation of Speial Relativity
The Hilbert geometri formulation of a relativisti partile [4, 6, 7℄ is
based on the ation:
SSR1915 = −
m
2
τ2∫
τ1
dτ
[
(X˙α)
2
e(τ)
+ e(τ)
]
, (A.1)
and an geometri interval
ds = e(τ)dτ 7−→ s(τ) =
τ∫
0
dτe(τ ), (A.2)
where τ is the oordinate evolution parameter given in a one-dimensional
Riemannian manifold with a single omponent of the metris e(τ)
and the variables Xα form the Minkowskian spae of events, where
(Xα)
2 = X20 −X2i .
The ation (A.1) and interval (A.2) are invariant with respet to
reparametrizations of the oordinate evolution parameter τ → τ˜ =
τ˜(τ); therefore, the theory given by (A.1) and (A.2) an be onsidered
as the simplest model of GR. A single omponent of the metris e(τ)
plays the role of the Lagrange multiplier in the Hamiltonian form of
the ation (A.1):
SSR1915 =
τ2∫
τ1
dτ
[
−Pα∂τXα + e(τ)
2m
(
P 2α −m2
)]
. (A.3)
Varying ation (A.3) over lapse-funtion e(τ) denes the onstraint:
(Pα)
2 −m2 = 0. (A.4)
Varying ation (A.3) over dynamial variables (Pα, Xα) gives the
equations of motion: Pα = mdXα/ds, dPα/ds = 0, taking into on-
sideration ds = e(τ)dτ . Solutions of these equations in terms of
gauge-invariant geometri interval (A.2) take the form
Xα(s) = Xα(0) +
Pα(0)
m
s. (A.5)
The physial meaning of this solution is revealed in a spei
frame of referene. In partiular, solutions of energy onstraint
(A.4) with respet to a temporal omponent P0 of momentum Pα
P0± = ±
√
m2 + P 2i (A.6)
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are onsidered as the redued Hamiltonian in the redued phase
spae {Xi, Pj} that beomes the energy E(P ) =
√
m2 + P 2i onto a
trajetory [2, 3℄. The time omponent of solution (A.5)
s =
m
P0±
[X0(s)−X0(0)] (A.7)
shows us that the time-like variable X0 is identied with the time
measured in the rest frame of referene, whereas an interval s is the
time measured in the omoving frame.
The dynami version of SR [2, 3℄ an be obtained as values of the
geometri ation (A.3) onto solutions of the onstraint (A.6)
SSR1915|P0=P0± = SSR1905 =
X0∫
X0I
dX0
[
Pi
dXi
dX0
− P0±
]
. (A.8)
Just the values of the  geometri interval (A.7) and ation (A.8)
onto resolutions (A.6) of onstraint (A.4) in the spei frame of refer-
ene will be alled the Hamiltonian redution of Hilbert's geometri
formulation of SR given by Eqs. (A.1) and (A.2) (see [6, 13℄).
A.2 Dynami Speial Relativity of 1905
The Hamiltonian redution leads to ation (A.8) of the dynami
theory of a relativisti partile of 1905 [2, 3℄ that establishes a or-
respondene with the lassial mehani ation by the low-energy
deomposition
E(P ) =
√
m2 + P 2i = m+
P 2i
2m
+ ... (A.9)
It gives us the very important onept of partile energy E(0) =
mc2. We an see that relativisti relation (A.7) between the time as
the variable and the time as the interval appears in the geometri
version of 1915 [4℄ as a onsequene of the variational equations
(A.6), whereas in the dynami version of 1905 [2, 3℄ the same rela-
tivisti relation in the form of a kinemati Lorenz relativisti trans-
formation is supplemented to variational equations following from the
dynami ation (A.8).
A.3 Quantum geometry of a relativisti partile
The next step forward to QFT is the primary quantization of partile
variables: i[Pˆµ, Xν ] = δµν , that leads to the quantum version of the
energy onstraint (A.4) [+m2]ψ(X0, Xi) = 0 known as the Klein 
Gordon equation of the wave funtion. The general solution of this
equation
∂20Ψp + E
2
pΨp = 0 (A.10)
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for a single p-Fourier harmonisΨp(X0) =
∫
d3X exp iPjX
jψ(X0, Xi)
takes the form of the sum of two terms
Ψp =
1√
2Ep
{a(+)p (X0) + a(−)p (X0)},
where a
(+)
p (X0), a
(−)
p (X0) are solutions of the equations
(i∂0 + Ep)a
(+)
p = 0, (i∂0 − Ep)a(−)p = 0. (A.11)
They are treated as the Shrodinger equations of the dynami theory
(A.8) for the ase of positive and negative partile energies (A.6)
revealed by resolving energy onstraint (A.4).
QFT is formulated as the seondary quantization of a relativisti
partile [a
(−)
p , a
(+)
p ] = 1 [62℄. In order to remove the negative en-
ergy −Ep and to provide the quantum system with stability, the
eld a
(+)
p is onsidered as the operator of reation of a partile and
a
(−)
p as the operator of annihilation of a partile, both with positive
energy. The initial datum XI(0) is treated as a point of this reation
or annihilation. This interpretation means postulating vauum as a
state with minimal energy a
(−)
p |0〉 = 0, and it restrits the motion
of a partile in the spae of events, so that a partile with P0+ moves
forward and with P0− bakward.
P0+ → XI(0) ≤ X(0); P0− → XI(0) ≥ X(0). (A.12)
As a result of suh a restrition the interval (A.7) beomes
s(P0+) =
m
Ep
[X0(s)−X0(0)]; XI(0) ≤ X(0), (A.13)
s(P0−) =
m
Ep
[X0(0)−X0(s)]; XI(0) ≥ X(0). (A.14)
One an see that in both ases the geometri interval is positive. In
other words, the stability of quantum theory and the vauum pos-
tulate as its onsequene lead to the absolute referene point of this
interval s = 0 and its positive arrow. The last means violation of the
symmetry of lassial theory with respet to the transformation s→
−s. Reall that the violation of the symmetry of lassial theory by
their quantization is alled the quantum anomaly [87, 88, 89℄. The
quantum anomaly as the onsequene of the vauum postulate was
rstly disovered by Jordan [90℄ and then redisovered by a lot of
authors (see [87℄).
A.4 Creation of partiles
Creation of partiles is desribed by QFT obtained by quantization of
lassial elds with masses depending on time m = m(X0). Classial
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eld equation (A.10) an be got by varying the ation
Sp =
∫
dX0 {Pp∂0Ψp −Hp} , (A.15)
where Hp =
1
2
[
P 2p + E
2
p(X0)Ψ
2
p
]
is the eld Hamiltonian, here we
kept only one p-harmonis.
The holomorphi representation of the elds [94, 95℄
Ψp =
1√
2Ep(X0)
{
a(+)p (X0) + a
(−)
p (X0)
}
, (A.16)
Pp = i
√
Ep(X0)
2
{
a(+)p (X0)− a(−)p (X0)
}
. (A.17)
allows us to express the eld Hamiltonian in ation (A.15) in terms of
observable quantities  the one-partile energy Ep(X0) and number
of partiles Np(X0) = [a
+
p a
−
p ]:
Hp =
1
2
[
P 2p + E
2
p(X0)Ψ
2
p
]
= E(X0)
[
Np(X0) +
1
2
]
. (A.18)
While the anonial struture Pp∂0Ψ in (A.15) takes the form:
Pp∂0Ψp =
[
i
2
(a+p ∂0a
−
p − a+p ∂0a−)−
i
2
(a+p a
+
p − a−p a−p )
∂0E(X0)
2E(X0)
]
.
The one-partile energy and the number of partile are not onserved.
In order to nd a set of integrals of motion, we an use the Bogoliubov
transformations
a+p = αb
+
p +β
∗b−p (α = e
iθ cosh r, β = e−iθ sinh r), (A.19)
so that the equations of b+p , b
−
p beome diagonal
(i∂0 + EB)b
+
p = 0, (i∂0 − EB)b−p = 0, (A.20)
and the onserved vauum is dened by the postulate:
b−p |0 >p= 0. (A.21)
The orresponding Bogoliubov equations of diagonalization expressed
in terms of the distribution funtion of partiles Np(X0) and the
rotation funtion Rp(X0)
Np(X0) = |β|2 ≡ p < a+p a−p >p≡ sinh r2,
Rp(X0) = i(αβ
∗ − α∗β) ≡ − sin(2θ) sinh 2r
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take the form [94℄
dNp
dX0
=
∂0E(X0)
2E(X0)
√
4Np(Np + 1)−R2p,
dRp
dX0
= −2E(X0)
√
4Np(Np + 1)−R2p,
(A.22)
EB(X0) =
Ep(X0)− ∂0θ
cosh 2r
. (A.23)
These equations supplemented by the quantum geometri interval
(A.13) and (A.14) are the omplete set of equations for desription
of the phenomenon of partile reation.
Thus, the diret way from Hilbert's geometri formulation of any
relativisti theory to the orresponding quantum eld theory goes
through Dira's Hamiltonian redution and Bogoliubov's transforma-
tions. As a result, we have the desription of reation of a relativisti
partile in the spae of events at the absolute referene point of geo-
metri interval s of this partile. The physial meaning of this interval
is revealed in the Quantum Cosmology onsidered below.
B Quantum universes
B.1 QFT of universes
After the primary quantization of the osmologial sale fator ϕ:
i[Pϕ, ϕ] = 1 the energy onstraint P
2
ϕ = E
2
ϕ transforms to the WDW
equation
∂2ϕΨ+ E
2
ϕΨ = 0. (B.1)
This equation an be obtained in the orresponding lassial WDW
eld theory for universes of the type of the Klein  Gordon one:
SU =
∫
dϕ
1
2
[
(∂ϕΨ)
2 − E2ϕΨ2
] ≡ ∫ dϕLU. (B.2)
Introduing the anonial momentum PΨ = ∂LU/∂(∂ϕΨ), one an
obtain the Hamiltonian form of this theory
SU =
∫
dϕ {PΨ∂ϕΨ−HU} , (B.3)
where
HU =
1
2
[
P 2Ψ + E
2
ϕΨ
2
]
. (B.4)
is the Hamiltonian. The onept of the one-universe energy Eϕ gives
us the opportunity to present this Hamiltonian HU in the standard
forms of the produt of this energy Eϕ and the number of universes
NU = A
+A−, (B.5)
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HU = Eϕ
1
2
[
A+A− +A−A+
]
= Eϕ[NU +
1
2
] (B.6)
by means of the transition to the holomorphi variables
Ψ =
1√
2Eϕ
{A+ +A−}, PΨ = i
√
Eϕ
2
{A+ −A−}. (B.7)
The dependene of Eϕ on ϕ leads to the additional term in the ation
expressed in terms the holomorphi variables
PΨ∂ϕΨ=
i
2
(A+∂ϕA
−−A+∂ϕA−)− i
2
(A+A+−A−A−)△(ϕ), (B.8)
where
△(ϕ) = ∂ϕEϕ
2Eϕ
. (B.9)
The last term in (B.8) is responsible for the osmologial reation of
universes from vauum.
B.2 Bogoliubov transformation. Creation of uni-
verses
In order to dene stationary physial states, inluding a vauum,
and a set of integrals of motion, one usually uses the Bogoliubov
transformations [18, 94, 95℄ of the variables of universes (A+, A−):
A+ = αB++β∗B−, A− = α∗B−+βB+ (|α|2 − |β|2 = 1), (B.10)
so that the lassial equations of the eld theory in terms of universes
(i∂ϕ+Eϕ)A
+ = iA−△(ϕ), (i∂ϕ−Eϕ)A− = iA+△(ϕ), (B.11)
take a diagonal form in terms of quasiuniverses B+, B−:
(i∂ϕ + EB(ϕ))B
+ = 0, (i∂ϕ − EB(ϕ))B− = 0. (B.12)
The diagonal form is possible, if the Bogoliubov oeients α, β in
Eqs. (B.10) satisfy to equations
(i∂ϕ + Eϕ)α = iβ△(ϕ), (i∂ϕ − Eϕ)β∗ = iα∗△(ϕ). (B.13)
For the parametrization
α = eiθ(ϕ) cosh r(ϕ), β∗ = eiθ(ϕ) sinh r(ϕ), (B.14)
where r(ϕ), θ(ϕ) are the parameters of squeezing and rotation,
respetively, Eqs. (B.13) beome
(i∂ϕθ − Eϕ) sinh 2r(ϕ) = −△(ϕ) cosh 2r(ϕ) sin 2θ(ϕ),
∂ϕr(ϕ) = △(ϕ) cos 2θ(ϕ), (B.15)
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while energy of quasiuniverses in Eqs. (B.12) is dened by expres-
sion
EB(ϕ) =
Eϕ − ∂ϕθ(ϕ)
cosh 2r(ϕ)
. (B.16)
Due to Eqs. (B.12) the number of quasiuniverses NB = B+B− is
onserved
dNB
dϕ
≡ d(B
+B−)
dϕ
= 0. (B.17)
Therefore, we an introdue the vauum as a state without quasiu-
niverses:
B−|0 >U= 0. (B.18)
A number of reated universes from this Bogoliubov vauum is equal
to the expetation value of the operator of the number of universes
(B.5) over the Bogoliubov vauum
NU(ϕ) = U < A
+A− >U≡ |β|2 = sinh2 r(ϕ), (B.19)
where β is the oeient in the Bogoliubov transformation (B.10),
and NU(ϕ) is alled the distribution funtion. Introduing the Bo-
goliubov ondensate
RU(ϕ) = i(αβ
∗−α∗β) ≡ U < PΨΨ >U= i
2
U< [A
+A+−A−A−] >U,
(B.20)
one an rewrite the Bogoliubov equations of the diagonalization (B.13)
dNU
dϕ
= △(ϕ)
√
4NU(NU + 1)−R2U,
dRU
dϕ
= −2Eϕ
√
4NU(NU + 1)−R2U.
(B.21)
It is natural to propose that at the moment of reation of the universe
ϕ(η = 0) = ϕI both these funtions are equal to zeroth NU(ϕ =
ϕI) = RU(ϕ = ϕI) = 0. This moment of the onformal time η = 0 is
distinguished by the vauum postulate (B.18) as the beginning of a
universe.
B.3 Quantum anomaly of onformal time
As it was shown in the ase of a partile in QFT [62℄, the postulate
of a vauum as a state with minimal energy restrits the motion
of a universe in the spae of events, so that a universe with Pϕ+
moves forward and with Pϕ− bakward.
Pϕ+ → ϕI ≤ ϕ0; Pϕ− → ϕI ≥ ϕ0. (B.22)
If we substitute this restrition into the interval (3.37)
η(Pvh+) =
ϕ0∫
ϕI
dϕ√
ρ0(ϕ)
; ϕI ≤ ϕ0, (B.23)
η(Pϕ−) =
ϕI∫
ϕ0
dϕ√
ρ0(ϕ)
; ϕI ≥ ϕ0, (B.24)
one an see that the geometri interval in both ases is positive. In
other words, the stability of quantum theory as the vauum postulate
leads to the absolute point of referene of this interval η = 0 and its
positive arrow. In QFT the initial datum ϕI is onsidered as a point
of reation or annihilation of universe. One an propose that the
singular point ϕ = 0 belongs to antiuniverse. In this ase, a universe
with a positive energy goes out of the singular point ϕ = 0.
In the model of rigid state ρ = p, where Eϕ = Q/ϕ Eqs. (B.21)
have an exat solution
NU =
1
4Q2 − 1 sin
2
[√
Q2 − 1
4
ln
ϕ
ϕI
]
6= 0, (B.25)
where
ϕ = ϕI
√
1 + 2HIη (B.26)
and ϕI , HI = ϕ
′
I/ϕI = Q/(2V0ϕ
2
I) are the initial data.
We see that there are results of the type of the arrow of time and
absene of the osmologial singularity (B.23), whih an be under-
stood only on the level of quantum theory, where symmetry η → −η
is broken [87, 88℄.
C Massive eletrodynamis in GR
As the model of the matter let us onsider massive eletrodynamis
in GR
S =
∫
d4x
√−g
[
−ϕ
2
0
6
R(g) + Lm
]
≡
∫
d4x
√−gL, (C.1)
where Lm is the Lagrangian of the massive vetor and spinor elds
Lm = −1
4
FµνFαβg
µαgνβ−M20AµAνgµν−ψ˜iγσ(Dσ−ieAσ)Ψ−m0ψ˜Ψˆ
Fµν = ∂µAν−∂νAµ is the stress tensor,Dδ = ∂δ−i 12 [γ(α)γ(β)]σδ(α)(β),
is the Fok ovariant derivative[12℄, γ(β) = γ
µe(β)µ are the Dira γ-
matries, summed with tetrads e(β)ν , and σσ(α)(β) = e
ν
(β)(∇µe(α)ν)
are oeients of spin-onnetion [12, 96℄.
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The Lagrangian of the massive elds (C.2) an be rewritten in
terms of the Lihnerowiz variables
ALµ = Aµ, Ψ
L = a3/2ψ3Ψ, (C.2)
that lead to elds with masses depending on the sale fator aψ2
m(L) = m0aψ
2 = mψ2, M(L) = M0aψ
2 =Mψ2. (C.3)
These elds are in the spae dened by the omponent of the frame
ω
(L)
(0) = ψ˜
4 N˜ddx
0, (C.4)
ω
(L)
(a) = e(a)i(dx
i +N idx0). (C.5)
with the unit metri determinant |e| = 1.
As the result, the Lagrangian of the matter elds (C.2) takes the
form
√−gLm(A, ψ˜,Ψ) = 1
i
ψ˜Lγ0
(
∂0 −Nk∂k + 1
2
∂lN
l − ieA0
)
ΨL
− N˜d
[
ψ˜6mψ˜LΨL +HΨ
]
−
[
N˜d
π20
M2
+ ψ˜8M2A2(b)
]
−π0[N iAi −A0]
+ N˜d
[
−J5(c)v[ab]ε(c)(a)(b) + ψ˜
4
2
(
vi(A)v
i
(A) −
1
2
FijF
ij
)]
,
where the Legendre transformation A20/(2N˜d) = π0A0− N˜dπ20/2 with
the subsidiary eld π0 is used for linearizing the massive term;
HΨ = −ψ˜4[iψ˜Lγ(b)D(b)ΨL + J05σ − ∂kJk] (C.6)
is the Hamiltonian density of the fermions,
v[ab] =
1
2
(
e(a)iv
i
(b) − e(b)ivi(a)
)
, (C.7)
D(b)Ψ
L = [∂(b) − 1
2
∂ke
k
(b) − ieA(b)]ΨL, (C.8)
vi(A) =
1
ψ4N˜d
[∂0Ai − ∂iA0 + FijN j ] (C.9)
are the eld veloities, and
J5(c) =
i
2
(ψ˜Lγ5γ(c)Ψ
L), (C.10)
J05 =
i
2
(Ψ¯Lγ5γ
0ΨL), (C.11)
Jk =
i
2
Ψ¯LγkΨ
L
(C.12)
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are the urrents, σ = σ(a)(b)|(c)ε(a)(b)(c), where ε(a)(b)(c) denotes the
Levi-Civita tensor.
The anonial onjugated momenta take the form
Pϕ = −2V0∂0ϕ
N0
= −2V0dϕ
dζ
≡ −2V0ϕ′ (C.13)
pψ =
∂[
√−gL]
∂(∂0 ln ψ˜)
= −8ϕ2v, (C.14)
pi(b) =
∂[
√−gL]
∂(∂0e(a)i)
= ei(a)
[
ϕ2
3
v(ab) − J5(c)ε(c)(a)(b)
]
, (C.15)
P i(A) =
∂[
√−gL]
∂(∂0Ai)
= ψ˜4vi(A), (C.16)
P(Ψ) =
∂[
√−gL]
∂(∂0ΨL)
=
1
i
ψ˜Lγ0. (C.17)
Then, the ation (C.1) one an be represented in the Hamiltonian
form
S=
∫
dx0
[
−Pϕ∂0ϕ+N0
P 2ϕ
4V0
+
∫
d3x
(∑
F
PF∂0F + C − N˜dT 00t
)]
,
where PF is a set of the eld momenta (C.14)  (C.17),
T 00t = ψ˜
7△ˆψ˜ +
∑
I=0,4,6,8
ψ˜IτI , (C.18)
is the sum of the Hamiltonian densities inluding the gravity density
ψ˜7△ˆψ˜ ≡ ψ˜7 4ϕ
2
3
∂(b)∂(b)ψ˜, (C.19)
τI=0 =
6p˜(ab)p˜(ab)
ϕ2
− 16
ϕ2
pψ
2 +
π20
2a2M2
, (C.20)
τI=4 =
P 2(A)
2
+
FijF
ij
4
−iψ˜Lγ(b)D(b)ΨL−J05σ+∂kJk,(C.21)
τI=6 = mψ˜
LΨL, (C.22)
τI=8 =
ϕ2
6
R(3)(e) +
M2A2(b)
2
, (C.23)
here p˜(ab) =
1
2 (e
i
(a)p˜(b)i + e
i
(b)p˜(a)i), p˜(b)i = p(b)i + e
i
(a)ε(c)(a)(b)J(c),
C = A0[∂iP i(A) + eJ0 − π0] +N(b)T 0(b)t + λ0pψ + λ(a)∂kek(a) (C.24)
denotes the sum of the onstraints, where J0 = ψ˜
Lγ0Ψ
L
is the zeroth
omponent of the urrent; A0, Nd, N
i, λ0, λ(a) are the Lagrange mul-
tipliers inluding the Dira ondition of the minimal 3-dimensional
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hyper-surfae [13℄
peψ = v = 0→ (∂0 −N l∂l) log ψ˜ =
1
6
∂lN
l, (C.25)
that gives a positive value of the Hamiltonian density (C.20), and
T 0(a)t = −pψ∂(a)ψ˜ +
1
6
∂(a)(pψψ) + 2p(b)(c)γ(b)|(a)(c) − ∂(b)p(b)(a)
−1
i
Ψ¯Iγ0∂(a)Ψ
I− 1
2i
∂(a)
(
Ψ¯Iγ0ΨI
)−P i(A)Fikek(a)−π0A(a)
are the omponents of the energy-momentum tensor T 0(a) = T
0
i e
i
(a).
D Vauum reation of partiles
D.1 Partile in Quantum Field Theory
In quantum eld theory, the onept of a partile an be assoiated
only with those eld variables that are haraterized by a positive
probability and a positive energy. Negative energies are removed
by ausal quantization, aording to whih the reation operator at
a negative energy is replaed by the annihilation operator at the
respetive positive energy. All of the variables that are haraterized
by a negative probability an be removed aording to the sheme
of fundamental operator quantization [32℄. The results obtained by
applying the operator-quantization proedure to massive vetor elds
in the ase of the onformal at metri are given in [31, 63℄
4
.
In order to determine the evolution law for all elds v, it is on-
venient to use the Hamiltonian form of the ation funtional for their
Fourier omponents vIk =
∫
d3xeık·xvI(x); that is,
S =
x02∫
x01
dx0
{∑
k
[
p⊥k ∂0v
⊥
k + p
||
k∂0v
||
k
]
− Pa∂0a
+ N0
[
P 2a
4V0ϕ20
− V0ρtot
]}
, (D.1)
where p⊥k ,p
||
k are the anonial momenta for, respetively, the trans-
verse and the longitudinal omponent of vetor bosons and ρtot is the
sum of the onformal densities of the salar eld obeying the rigid
4
The vauum reation of partiles in the onformal at metri was onsidered
in [92, 93℄ and, in the time reparametrization-invariant models, in [94℄.
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equation of state and the vetor eld,
ρtot(a) =
ϕ20H
2
0
a2
+ ρv(a), (D.2)
ρv(a) = V
−1
0 (H
⊥ +H ||), (D.3)
H⊥ and H || being the Hamiltonians for a free eld,5
H⊥ =
∑
k
1
2
[
p⊥k
2 + ω2v⊥k
2
]
, (D.4)
H || =
∑
k
1
2
[(
ω(a, k)
Mva
)2
p
||
k
2 + (Mva)
2v
||
k
2
]
.
Here, the dispersion relation has the form ω =
√
k2 + (Mva)2; for the
sake of brevity, we have also introdued the notation p
||2
k ≡ p||k · p||−k.
Within the reparametrization-invariant models speied by a-
tion funtionals of the type in (D.1) with the Hamiltonians in (D.4),
the onepts of an observable partile and of osmologial partile
reation were dened in [94, 95℄. We will illustrate these denitions
by onsidering the example of an osillator with a variable energy.
Speially, we take its Lagrangian in the form
L = pv∂0v−N0 1
2
[p2v + ω
2v2 − ω] + ρ0(N0 − 1) . (D.5)
The quantity Hv = [p
2
v + ω
2v2]/2 has the meaning of a onformal
Hamiltonian as a generator of the evolution of the elds v and pv
with respet to the onformal-time interval dη = N0dx
0
, where the
shift funtion N0 plays the role of a Lagrange multiplier. The equa-
tion for N0 introdues the density ρ0 = Hv−ω/2 in aordane with
its denition adopted in the general theory of relativity. In quantum
eld theory [92, 94, 95℄, the diagonalization of preisely the onformal
Hamiltonian
Hv =
1
2
[p2v + ω
2v2] = ω
[
Nˆpart +
1
2
]
(D.6)
speies both the single-partile energy ω =
√
k2 + (Mva(η))2 and
the partile-number operator
Nˆpart =
1
2ω
[p2v + ω
2v2]− 1
2
(D.7)
with the aid of the transition to the symmetri variables p and q
dened as
pv =
√
ωp = i
√
ω
2
(a+ − a), v =
√
1
ω
q =
√
1
2ω
(a+ + a). (D.8)
5
In quantum eld theory, observables that are onstruted from the above eld
variables form the Poinare algebra [31, 32℄. Therefore, suh a formulation, whih
depends on the referene frame used, does not ontradit the general theory of
irreduible and unitary transformations of the relativisti group [62, 61℄.
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In terms of the symmetri variables p, q the partile-number operator
takes form
Nˆpart =
1
2
[p2 + q2]− 1
2
= a+a. (D.9)
Upon going over to these variables in the Lagrangian in (D.5), we
arrive at
L = p∂0q − pq∂0∆⊥ −N0ω[Nˆpart + 1/2] , (D.10)
where ∂0∆
⊥ = ∂0ω/2ω and where there appears soures of osmi
partile reation in the form pq = i[(a+)2 − a2]/2. Here, we give
a derivation of these soures for transverse elds, whereas, for lon-
gitudinal elds [see Eq.(D.4)℄, the analogous diagonalization of the
Hamiltonian leads to the fator ∂0∆
|| = ∂0ϕ/ϕ− ∂0ω/2ω.
In order to diagonalize the equations of motion in terms of the
mentioned new variables, it is neessary to apply, to the phase spae,
the rotation transformation
p = pθ cos θ + qθ sin θ, q = qθ cos θ − pθ sin θ (D.11)
and the squeezing phase spae transformation
pθ = πe
−r, qθ = ξe
+r. (D.12)
As a result, the Lagrangian in (D.10) assumes the form
L = π∂0ξ + πξ[∂0r − ∂0∆cos 2θ]+ (D.13)
+
π2
2
e−2r[∂0θ −N0ω − ∂0∆sin 2θ] + ξ
2
2
e2r[∂0θ −N0ω + ∂0∆sin 2θ].
The equations of motion that are obtained from this Lagrangian,
ξ′ + ξ[r′ −∆′ cos 2θ] + πe−2r[∂0θ −N0ω − ∂0∆sin 2θ] = 0, (D.14)
π′ − π[r′ −∆′ cos 2θ]− ξ2e2r[∂0θ −N0ω + ∂0∆sin 2θ] = 0, (D.15)
take a diagonal form,
ξ′ + ωbπ = 0, − π′ + ωbξ = 0, (D.16)
if
ωb = e
−2r[ω − θ′ −∆′ sin 2θ] = ω − θ
′
ch2r
(D.17)
and the rotation parameter θ and the squeezing parameter r satisfy
the equations
6
[θ′ − ω]sh2r = −∆′ sin 2θch2r, r′ = ∆′ cos 2θ. (D.18)
6
These equations for transverse and longitudinal bosons oinide ompletely
with the equations for the oeients of the Bogolyubov transformation b = αa+
βa+, α′ − iωα = ∆′β, derived by using the Wentzel-Kramers-Brillouin method
in [93℄, see Eqs. (9.68) and (9.69) in [93℄ on page 185 in the Russian edition of
this monograph, where it is neessary to make the hange of variables speied by
the equations ∆′ = ω
(1)
2
, α∗ = exp[iθ − i
R
dηω]chr, β = exp[−iθ + i
R
dηω]shr.
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By solving these equations, we an nd the time dependene of the
number of partiles produed in osmi evolution (D.9)
Nˆpart =
ch2r − 1
2
+ ch2rNˆq−part + sh2r
π2 − ξ2
2
, (D.19)
where Nˆq−part = [π
2+ξ2−1]/2 = b+b is the number of quasipartiles
dened as variables that diagonalize the equation of motion. Sine
the equation of motion is diagonal, the number of quasipartiles is an
integral of the motion, that is, a quantum number that haraterizes
the quantum state of the Universe. One of these states is the physial
vauum state |0〉sq of quasipartiles (that is, the squeezed vauum,
whih is labelled with the subsript sq in order to distinguish it
from the vauum of ordinary partiles),
bς |0〉sq = 0 (b = 1√
2
[ξ + iπ]). (D.20)
In the squeezed-vauum state, the number of quasipartiles is equal
to zeroth
sq〈0|Nˆq−part|0〉sq = 0. (D.21)
In this ase, the expetation value of the partile-number operator
(D.19) in the squeezed-vauum state is
sq〈0|Nˆpart|0〉sq = ch(2r(η)) − 1
2
= sh2r(η). (D.22)
The time dependene of this quantity is found by solving the Bo-
golyubov equation (D.18). The origin of the Universe is dened as
the onformal-time instant η = 0, at whih the number of parti-
les and the number of quasipartiles are both equal to zeroth. The
resulting set of Eqs. (D.18) beomes losed upon speifying the equa-
tion of state and initial data for the number of partiles. In just the
same way, the number of partiles haraterized by an arbitrary set
of quantum numbers ς ,
Nς(η) = sq〈0|Nˆς |0〉sq = sh2rς(η),
and produed from the squeezed vauum by the time instant η an
be determined by solving an equation of the type in (D.18).
Thus, just the onformal quantities of the theory, suh as the
energy ωk =
√
k2 +M2va
2
, the number partiles Nˆpart, the onformal
density
ρv =
∑
k
sq〈0|Nˆk part|0〉sqωk/V(r)
that are assoiated with observables, in just the same way as the
onformal time in observational osmology is assoiated with the ob-
served time [64℄.
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D.2 Physial impliations
D.2.1 Calulation of the Distribution Funtion
Let us onsider the example where the above set of equations is solved
for the evolution law in the ase of the rigid equation of state,
a(η) = aI
√
1 + 2HIη (a
2
IHI = H0),
where aI = a(0) and HI are initial data at the matter-prodution
instant.
We introdue the dimensionless variables of time τ and momen-
tum x and the oeient γv aording to the formulas
τ = 2ηHI = η/ηI , x =
q
MI
, γv =
MI
HI
, (D.23)
where MI = Mv(η = 0) are initial data for the mass. Now the
single-partile energy has the form ωv = HIγv
√
1 + τ + x2.
The Bogolyubov equations (D.18) an be represented as
tanh(2r||v ) = −
1
2(1 + τ)
− 1
4 [(1 + τ) + x2]
γv
2
√
(1 + τ) + x2 − dθ
||
v
dτ
sin(2θ||v ), (D.24)
dr
||
v
dτ
=
[
1
2(1 + τ)
− 1
4 [(1 + τ) + x2]
]
cos(2θ||v ), (D.25)
tanh(2r⊥v ) = −
1
4 [(1 + τ) + x2]
γv
2
√
(1 + τ) + x2 − d
dτ
θ⊥v
sin(2θ⊥v ), (D.26)
dr⊥v
dτ
=
1
4 [(1 + τ) + x2]
cos(2θ⊥v ). (D.27)
We solved these equations numerially at positive values of the mo-
mentum x = q/MI , onsidering that, for τ → +0, the asymp-
toti behavior of the solutions is given by r(τ) → const · τ and
θ(τ) = O(τ). The distributions of longitudinal N ||(x, τ) and trans-
verse N⊥(x, τ) vetor bosons are given in the Figure 1. for the initial
data HI = MI (γv = 1).
From the Figure 1, it an be seen that, for x > 1, the longitudinal
omponent of the boson distribution is everywhere muh greater than
than the transverse omponent, this demonstrating a more opious
osmologial reation of longitudinal bosons in relation to transverse
bosons. A slow derease in the longitudinal omponent as a funtion
of momentum leads to a divergene of the integral for the density of
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produt partiles [63℄:
nv(η) =
1
2π2
∞∫
0
dqq2
[
N ||(q, η) + 2N⊥(q, η)
]
→∞. (D.28)
D.2.2 Thermalization of Bosons
The divergene of the integral (D.28) stems from idealizing the prob-
lem of the prodution of a pair of partiles in a nite volume for a
system where there are simultaneous interations assoiated with the
removal of elds having a negative probability and where idential
partiles aet one another (so-alled exhange eets). In this ase,
it is well known [96℄, that one deals with the prodution not a pair but
a set of Bose  partiles, whih aquires, owing to the aforementioned
interations, the properties of a statistial system. As a model of suh
a statistial system, we onsider here a degenerate Bose-Einstein gas,
whose distribution funtion has the form (we use the system of units
where the Boltzmann onstant is kB = 1)
F (Tv, q,Mv(η), η) =
{
exp
[
ωv(η)−Mv(η)
Tv
]
− 1
}−1
, (D.29)
where Tv is the boson temperature. We set apart the problem of the-
oretially validating suh a statistial system and its thermodynami
exhange, only assuming fulllment of spei onditions ensuring
its existene. In partiular, we an introdue the notion of the tem-
perature Tv only in an equilibrium system. A thermal equilibrium
is thought to be stable if the time within whih the vetor-boson
temperature Tv is established, that is, the relaxation time [97℄
η
rel
= [n(Tv)σ
sat
]
−1
(D.30)
(expressed in terms of their density n(Tv) and the sattering ross
setion σ
sat.
∼ 1/M2I ), does not exeed the time of vetor-boson-
density formation owing to osmologial reation, the latter time be-
ing ontrolled by the primordial Hubble parameter ηv = 1/HI . From
formula (D.30) it follows, that the partile-number density is propor-
tional to the produt of the Hubble parameter and the mass squared,
that is an integral of the motion in the present example:
n(Tv) = n(Tv, ηv) ≃ CHHIM2I , (D.31)
where CH is a onstant. The expression for the density n(Tv, η) in
Eq. (D.31) assumes the form
nv(Tv, η) =
1
2π2
∞∫
0
dqq2F (Tv, q,M(η), η)
[
N ||(q, η) + 2N⊥(q, η)
]
.
(D.32)
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Here, the probability of the prodution of a longitudinal and a trans-
verse boson with a spei momentum in an ensemble featuring ex-
hange interation is given (in aordane with the multipliation
law for probabilities) by the produt of two probabilities, the prob-
ability of their osmologial reation, N ||,⊥ and the probability of a
single-partile state of vetor bosons obeying the Bose-Einstein dis-
tribution (D.29).
A dominant ontribution to the integral (D.32) from the region
of high momenta (in the above idealized analysis disregarding the
Boltzmann fator, this resulted in a divergene) implies the relativis-
ti temperature dependene of the density,
n(Tv, ηv) = CTT
3
v , (D.33)
where CT is a oeient. A numerial alulation of the integral
(D.32) for the values Tv = MI = HI , whih follow from the assump-
tion about the hoie of initial data (CT = CH ), reveals that this inte-
gral (D.32) is weakly dependent on time in the region η ≥ ηv = H−1I
and, for the onstant CT , yields the value
CT =
nv
T 3v
=
1
2π2
{
[1, 877]|| + 2[0, 277]⊥ = 2, 431
}
, (D.34)
where the ontributions of longitudinal and transverse bosons are
labeled with the supersripts (||, ⊥), respetively.
On the other hand, the lifetime ηL of produt bosons in the early
Universe in dimensionless units τL = ηL/ηI , where ηI = (2HI)
−1
,
an be estimated by using the equation of state a2(η) = a2I(1 + τL)
and the W -boson lifetime within the Standard Model. Speially,
we have
1 + τL =
2HI sin
2 θ(W )
αQEDMW (ηL)
=
2 sin2 θ(W )
αQEDγv
√
1 + τL
, (D.35)
where θ(W ) is the Weinberg angle, αQED = 1/137 is the ne-struture
onstant, and γv = MI/HI ≥ 1.
From the solution to Eq. (D.35),
τL + 1 =
(
2 sin2 θ(W )
γvαQED
)2/3
≃ 16
γ
2/3
v
(D.36)
it follows that, at γv = 1, the lifetime of produt bosons is an order
of magnitude longer than the Universe relaxation time:
τL =
ηL
ηI
≃ 16
γ
2/3
v
− 1 = 15. (D.37)
Therefore, we an introdue the notion of the vetor-boson tem-
perature Tv, whih is inherited by the nal vetor boson deay prod-
uts (photons). Aording to urrently prevalent onepts, these
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photons form osmi mirowave bakground radiation in the Uni-
verse. Indeed, suppose that one photon omes from the annihilation
of the produts of W±-boson deay and that the other omes from
Z-bosons. In view of the fat that the volume of the Universe is on-
stant within the evolution model being onsidered, it is then natural
to expet that the photon density oinides with the boson density
[63℄
nγ = T
3
γ
1
π2
{2.404} ≃ nv. (D.38)
On the basis of (D.31), (D.33), (D.34) and (D.38) we an estimate
the temperature Tγ of osmi mirowave bakground radiation arising
upon the annihilation and deay of W+ and Z-bosons:
Tγ ≃
[
2.431
2.404 · 2
]1/3
Tv = 0.8Tv, (D.39)
taking into aount that the temperature of vetor-bosons Tv =
[HIM
2
I ]
1/3
is an invariant quantity in the desribed model. This
invariant an be estimated at
Tv = [HIM
2
I ]
1/3 = [H0M
2
W ]
1/3 = 2.73/0.8K = 3.41K (D.40)
whih is a value that is astonishingly lose to the observed tempera-
ture of osmi mirowave bakground radiation. In the present ase,
this diretly follows, as is seen from the above analysis of our numer-
ial alulations, from the dominane of longitudinal vetor bosons
with high momenta and from the fat that the relaxation time is
equal to the inverse Hubble parameter. The inlusion of physial
proesses, like the heating of photons owing to eletron-positron an-
nihilation e+ e− [98℄ amounts to multiplying the photon temperature
(D.39) by (11/4)1/3 = 1.4 therefore, we have
Tγ(e
+ e−) ≃ (11/4)1/30.8Tv = 2.77 K . (D.41)
We note that, in other models [99℄, the utuations of the produt-
partile density are related to primary utuations of osmi mi-
rowave bakground radiation [100℄.
D.2.3 Inverse Eet of Produt Partiles on the Evolution
of the Universe
The equation of motion ϕ′2(η) = ρtot(η), with the Hubble parameter
dened as H = ϕ′/ϕ, means that, at any instant of time, the energy
density in the Universe is equal to the so-alled ritial density; that
is
ρtot(η) = H
2(η)ϕ2(η) ≡ ρcr(η) .
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The dominane of matter obeying the extremely rigid equation of
state implies the existene of an approximate integral of the motion
in the form
H(η)ϕ2(η) = H0ϕ
2
0 .
On this basis, we an immediately nd the ratio of the produt-
vetor-boson energy, ρv(ηI) ∼ T 4 ∼ H4I ∼ M4I , to the density of the
Universe in the extremely rigid state, ρtot(ηI) = H
2
Iϕ
2
I ,
ρv(ηI)
ρtot(ηI)
=
M2I
ϕ2I
=
M2W
ϕ20
= y2v = 10
−34. (D.42)
This value indiates that the inverse eet of produt partiles on the
evolution of the Universe is negligible.
The primordial mesons before their deays polarize the Dira
fermion vauum and give the baryon asymmetry frozen by the CP 
violation, so that nb/nγ ∼ XCP ∼ 10−9 and Ωb ∼ αqed/ sin2 θ(W) ∼
0.03.
D.2.4 Baryon-antibaryon Asymmetry of Matter in the Uni-
verse
In eah of the three generations of leptons (e,µ,τ) and olor quarks,
we have four fermion doublets-in all, there are nL = 12 of them.
Eah of 12 fermion doublets interats with the triplet of non-Abelian
elds A1 = (W (−) + W (+))/
√
2, A2 = i(W (−) − W (+))/√2, and
A3 = Z/ cos θ(W ), the orresponding oupling onstant being g =
e/ sin θ(W ).
It is well known that, beause of a triangle anomaly, W- and Z- bo-
son interation with lefthanded fermion doublets ψ
(i)
L , i = 1, 2, ..., nL,
leads to a nononservation of the number of fermions of eah type (i)
[101, 102, 103℄,
∂µj
(i)
Lµ =
1
32π2
TrFˆµν
∗Fˆµν , (D.43)
where Fˆµν = −iF aµνgW τa/2 is the strength of the vetor elds, F aµν =
∂µA
a
ν − ∂νAaµ + gǫabcAbµAcν .
Taking the integral of the equality in (D.43) with respet to the
four-dimensional variable x, we an nd a relation between the hange
∆F (i) =
∫
d4x∂µj
(i)
Lµ the fermion number F
(i) =
∫
d3xj
(i)
0 and the
Chern-Simons funtional, NCS =
1
32π2
∫
d4xTrFˆµν
∗Fˆµν :
∆F (i) = NCS 6= 0, i = 1, 2, ..., nL. (D.44)
The equality in (D.44) is onsidered as a seletion rule  that is, the
fermion number hanges identially for all fermion types: NCS =
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∆Le = ∆Lµ = ∆Lτ = ∆B/3; at the same time, the hange in the
baryon hargeB and the hange in the lepton harge L = Le+Lµ+Lτ
are related to eah other in suh a way that B−L is onserved, while
B + L is not invariant. Upon taking the sum of the equalities in
(D.44) over all doublets, one an obtain ∆(B + L) = 12NCS [103℄.
We an evaluate the expetation value of the Chern-Simons fun-
tional (D.44) (in the lowest order of perturbation theory in the ou-
pling onstant) in the Bogolyubov vauum b|0 >sq= 0. Speially,
we have
NCS = NW +NZ ≡ −
∑
v=W,Z
ηLv∫
0
dη
∫
d3x
32π2
sq〈0|TrFˆ vµν∗Fˆ vµν |0〉sq,
(D.45)
where ηLW and ηLZ are the W- and the Z-boson lifetime, and NW
and NZ are the ontributions of primordial W and Z bosons, re-
spetively. The integral over the onformal spaetime bounded by
three-dimensional hypersurfaes η = 0 and η = ηL is given by
Nv = βv
V0
2
∫ ηLv
0
dη
∞∫
0
dk|k|3Rv(k, η)
where v =W,Z;
βW =
4αQED
sin2 θ(W )
, βZ =
αQED
sin2 θ(W ) cos2 θ(W )
, (D.46)
and the rotation parameter
Rv = − sinh(2r) sin(2θ)
is speied by relevant solutions to the Bogolyubov equations (D.26).
Upon a numerial alulation of this integral, we an estimate the
expetation value of the Chern-Simons funtional in the state of pri-
mordial bosons.
At the vetor-boson-lifetime values of τLW = 15, τLZ = 30, this
yields the following result at nγ ≃ nv
NCS
V(r)
=
(NW +NZ)
V(r)
=
αQED
sin2 θ(W )
T 3
(
4× 1.44 + 2.41
cos2 θ(W )
)
= 1.2 nγ .
(D.47)
On this basis, the violation of the fermion-number density in the
osmologial model being onsidered an be estimated as [63, 64℄
∆F (i)
V(r)
=
NCS
V(r)
= 1.2nγ, (D.48)
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where nγ = 2, 402× T 3/π2 is the number density of photons forming
osmi mirowave bakground radiation.
Aording to Sakharov [104℄ this violation of the fermion number
is frozen by CP nononservation, this leading to the baryon-number
density
nb = XCP
∆F (i)
V(r)
≃ XCPnγ . (D.49)
where the fator XCP is determined by the superweak interation of
d and s quarks, whih is responsible for CP violation experimentally
observed in K-meson deays [105℄.
From the ratio of the number of baryons to the number of photons,
one an dedue an estimate of the superweak-interation oupling
onstant: XCP ∼ 10−9. Thus, the evolution of the Universe, primary
vetor bosons, and the aforementioned superweak interation [105℄
(it is responsible for CP violation and is haraterized by a oupling-
onstant value ofXCP ∼ 10−9) lead to baryon-antibaryon asymmetry
of the Universe, the respetive baryon density being
ρb(η = ηL) ≃ 10−9 × 10−34ρcr(η = ηL). (D.50)
In order to assess the further evolution of the baryon density, one an
take here the W-boson lifetime for ηL.
Upon the deay of the vetor bosons in question, their temper-
ature is inherited by osmi mirowave bakground radiation. The
subsequent evolution of matter in a stationary old universe is an ex-
at replia of the well-known senario of a hot universe [106℄, sine this
evolution is governed by onformally invariant mass-to-temperature
ratios m/T .
Formulas (D.35), (2.39), and (D.50) make it possible to assess
the ratio of the present-day values of the baryon density and the
density of the salar eld, whih plays the role of primordial onformal
quintessene in the model being onsidered. We have
Ωb(η0) =
ρb(η0)
ρcr(η0)
=
[
ϕ0
ϕL
]3
=
[
ϕ0
ϕI
]3 [
ϕI
ϕL
]3
, (D.51)
where we have onsidered that the baryon density inreases in propor-
tion to the mass and that the density of the primordial quintessene
dereases in inverse proportion to the mass squared. We reall that
the ratio [ϕ0/ϕI ]
3
is approximately equal to 1043 and that the ratio
[ϕI/ϕL]
3
is determined by the boson lifetime in (D.36) and by the
equation of state ϕ(η) ∼ √η. On this basis, we an estimate Ωb(η0)
at
Ωb(η0) =
[
ϕ0
ϕL
]3
10−43 ∼ 1043
[
ηI
ηL
]3/2
10−43 ∼
[
αQED
sin2 θ(W )
]
∼ 0.03,
(D.52)
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whih is ompatible with observational data [107℄.
Thus, the general theory of relativity and the Standard Model,
whih are supplemented with a free salar eld in a spei referene
frame with the initial data ϕI = 10
4 HI = 2.7 K, do not ontradit
the following senario of the evolution of the Universe within onfor-
mal osmology [63, 64℄:
η ∼ 10−12s, reation of vetor bosons from a vauum;
10−12s < η < 10−11÷ 10−10s, formation of baryon-antibaryon asym-
metry;
η ∼ 10−10s, deay of vetor bosons;
10−10c < η < 1011s, primordial hemial evolution of matter;
η ∼ 1011s, reombination or separation of osmi mirowave bak-
ground radiation;
η ∼ 1015s, formation of galaxies;
η > 1017s, terrestrial experiments and evolution of supernovae.
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